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ABSTRACT 
The Relationship among Antioxidant Intake, Adiposity, and 
Aerobic Capacity in an Athlete Population 
 
Emily N. Werner 
Sinclair Smith, ScD 
Janell Mensinger, PhD 
Brandy-Joe Milliron, PhD 
Stella L. Volpe, PhD, RD, LDN, FACSM 
 
 
 
There are many factors that contribute to an athlete’s performance, 
including his/her dietary intake, body composition, and aerobic capacity. One 
purpose of this study was to define fitness characteristics of an athlete 
population (n = 32, n = 15 male; 35.69 ± 11.34 years of age) and examine sex-
related differences in those characteristics. Characteristics measured included 
days of self-reported physical activity per week, height, body weight, body mass 
index (BMI), waist circumference, percent body fat, lean body mass, fat-free 
mass, maximal oxygen consumption (VO2max), daily kilocalorie (kcal) intake, 
carbohydrate, protein and fat intake as percent of total kcal, , and antioxidant 
intake as total amounts and percent of the Recommended Dietary allowance 
(RDA) or median intake. Percent body fat, lean body mass, and fat-free mass 
were measured using dual-energy X-ray absorptiometry (DXA). VO2max was 
analyzed using indirect calorimetry. Data on daily energy, macronutrient, and 
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antioxidant intakes were collected from Block 2005 Food Frequency 
Questionnaires (FFQs). Antioxidants analyzed included vitamin A, β-carotene, 
vitamin C, vitamin E, iron, zinc, copper, and selenium.  
Males were found to have significantly higher values of height (p < 0.001), 
weight (p < 0.001), BMI (p = 0.025), waist circumference (p < 0.001), lean body 
mass (p = 0.011), fat-free mass (p = 0.011), and VO2max (p = 0.040) compared to 
females. Females had significantly more days of self-reported physical activity 
per week (p = 0.003) and percent body fat (p = 0.011) compared to males. 
Although males reported significantly higher daily kcal intakes than females (p = 
0.007), there were no significant differences between males and females for 
individual macronutrients as percent of total kcal intake. Males reported 
significantly higher selenium intakes than females (p = 0.034); however, there 
were no significant differences for the other seven antioxidants. Males also had 
significantly higher iron (p < 0.001) and selenium (p = 0.034) intakes as percent of 
the RDA than females.  
This study also evaluated the relationships between antioxidant intake 
and adiposity, antioxidant intake and aerobic capacity, and adiposity and aerobic 
capacity. No significant relationships were found between antioxidant intake and 
adiposity or aerobic capacity; however, there were significant negative 
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relationships between percent body fat and VO2max for the total sample (p < 
0.001), males alone (p = 0.013), and females alone (p = 0.013). 
Another purpose of this study was to determine which of the following 
factors had the greatest effect on aerobic capacity: age, days of self-reported 
physical activity per week, BMI, waist circumference, percent body fat, lean body 
mass, or antioxidant intakes (analyzed as percentages of the RDA or median 
intake). Percent body fat (B = -0.504, p < 0.001), vitamin C intake as percent of the 
RDA (B = -0.492, p = 0.063), and vitamin E intake as percent of the RDA (B = 
2.055, p = 0.154) were the best combination of predictors of VO2max values. 
Together they explained approximately 51% of the variance (R2 = 0.514, F(3,28) = 
0.9.853, p < 0.001). After excluding vitamin C and vitamin E from the model, 
percent body fat was the greatest singular predictor of VO2max (B = -0.493, p < 
0.001; R2 = 0.442, F(1, 30) = 23.799, p < 0.001). 
In conclusion, antioxidant intakes individually may not be related to 
measures of adiposity or aerobic capacity in an athlete population. However, 
when considered in combination, percent body fat, combined with vitamin C and 
vitamin E, may have considerable effects on VO2max. Further research should 
consider antioxidant relationships with body composition in the investigation of 
the antioxidant-mediated exercise benefits. 
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CHAPTER 1: INTRODUCTION 
1.1 Introduction 
All athletes, whether competitive or recreational, are striving to improve 
their performance. The use of evidence-based research is pivotal to their 
endeavors because it provides a rationale for the means through which athletes 
can obtain performance-enhancing benefits. Research conducted on athletes is 
necessary to better define specific characteristics that are related to performance. 
Three fitness characteristics of athletes that are often measured are: aerobic 
capacity, body composition, and dietary intake. Within the realm of dietary 
intake, one category of particular importance for athletes to obtain in the diet is 
antioxidants, due to the progression of oxidative stress during exercise. It is well 
established that athletes need to meet the Recommended Dietary Allowances 
(RDAs) for micronutrients, which are categorized as antioxidants to ensure 
optimal performance1,2. If athletes consistently do not meet the RDAs, they may 
suffer detrimental side effects, including, but not limited to, inhibited 
performance during activity3.  
This study evaluated the aerobic capacity, body composition, and 
antioxidant intake of athletes, 18 years of age and older, to establish relevant 
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associations among antioxidant intake, body composition, and aerobic capacity. 
Results of this study could provide valuable evidence for researchers to    
investigate dietary antioxidant intake as an avenue for the improvement of 
athletic performance. Additionally, the findings of this study will further inform 
the exercise community about the association between adiposity and aerobic 
performance. With this information, coaches and group officials can better 
customize their training regimens and dietary recommendations to improve 
performance of their athletes.  
1.2 Specific Aims and Hypotheses 
The specific aims and associated hypotheses of this proposal are: 
1) To determine the existence of sex differences in descriptive characteristics, 
energy intake, macronutrient intake, antioxidant intake, body composition, 
and aerobic capacity in athletes of various sports, 18 years of age and older. 
Descriptive characteristics include age, height, body weight, body mass index 
(BMI), waist circumference, and days of self-reported physical activity per week. 
Energy will be reported in average kilocalories (kcal) per day, and 
macronutrients will be reported in both average grams and average percent of 
total kcal intake per day. Antioxidants reported will include vitamin A,  
beta (β)-carotene, vitamin C, vitamin E, iron, zinc, copper, and selenium. Body 
composition will be reported as percent body fat, lean body mass, fat-free mass, 
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and fat mass. Aerobic capacity will be reported as maximal oxygen consumption 
(VO2max). 
Hypothesis: It is hypothesized that males will have significantly higher values of 
height, body weight, BMI, energy intakes, lean body mass, fat-free mass, grams 
of macronutrient intakes, and aerobic capacity compared to females. In addition, 
it is hypothesized that females will have significantly higher values of waist 
circumference, percent body fat, fat mass, and antioxidant intakes; however, 
there will be no differences in age, days of self-reported physical activity per 
week, and macronutrients as percent of total kcal compared to males. Men 
typically have larger body sizes than women; considering that the macronutrient 
recommendations are established from individual body weight4, it is for this 
reason that males’ grams of macronutrient intakes will be higher. However, it is 
hypothesized that there will be no difference in macronutrient intake as 
percentages of total kcal intake because males and females will likely follow the 
recommendations similarly to one another. Women are hypothesized to have 
higher antioxidant intakes because researchers have shown that women tend to 
have stronger interests in nutrition and healthy eating5, therefore, it can be 
assumed that they will consume more antioxidant-rich fruits and vegetables. In 
addition to larger male body sizes requiring higher amounts of macronutrients, 
their larger body sizes can also accommodate higher oxygen consumption; 
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therefore, their maximal oxygen consumption levels will be higher than the 
females. This fact is exemplified in a study by Allison et al.6 who reported that 
men in a military population had significantly higher aerobic capacity than their 
female counterparts.  
2) To determine whether a correlation exists between antioxidant intake and 
adiposity in athletes of various sports, 18 years of age and older. Antioxidants 
reported will include vitamin A, beta (β)-carotene, vitamin C, vitamin E, iron, 
zinc, copper, and selenium. Adiposity will be reported as percent body fat. 
Hypothesis: It is hypothesized that antioxidant consumption will be inversely 
related to adiposity in athletes. Researchers have shown that higher levels of 
adiposity are associated with low antioxidant concentrations7,8 and intakes9 in a 
nationally-representative sample of adults. In an athlete population, researchers 
have shown that dietary intakes of some antioxidants may be below the RDA10; 
however, no associations between those low intakes and adiposity measures 
have been established. Although little research exists on the relationship between 
antioxidant intake and adiposity in an athletic population, it can be hypothesized 
that it will mirror the relationship found in the general public.  
3) To determine whether a correlation exists between antioxidant intake and 
aerobic capacity in athletes of various sports, 18 years of age and older. 
Antioxidants reported will include vitamin A, beta (β)-carotene, vitamin  
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C, vitamin E, iron, zinc, copper, and selenium. Aerobic capacity will be reported 
as maximal oxygen consumption (VO2max). 
Hypothesis: It is hypothesized that a positive relationship will exist between 
antioxidant intake and VO2max in athletes. Although a multitude of 
supplementation studies exist, there is currently little information known about 
the relationship between dietary intake of antioxidants and exercise 
performance. The Food Frequency Questionnaires used in this study are 
representative of yearly dietary consumption, therefore, it is expected that 
athletes who report higher intakes of antioxidant-rich foods will have greater 
aerobic capacity because they generally consume a healthy diet.  
4) To determine whether a correlation exists between adiposity and aerobic 
capacity in athletes of various sports, 18 years of age and older. Adiposity will 
be reported as percent body fat. Aerobic capacity will be reported as VO2max. 
Hypothesis: It is hypothesized that an inverse relationship will exist between 
adiposity and maximal oxygen consumption in athletes. Research over many 
years has led to the production of optimal percent body fat ranges for athletes 
based upon sport or exercise modality2. Although the recommended values may 
not be appropriate for all athletes, percent body fat greatly below or exceeding the 
optimal ranges will likely result in inhibited performance2. Researchers have 
shown that lower percent body fat is associated with longer running distances11, 
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higher VO2max levels12,13, and faster times during running tests14 in highly active 
populations. Thus, it is expected similar results will be observed in the athlete 
population included in this study.  
5) To analyze which of the following aspects has the most influence on aerobic 
capacity of athletes of various sports, 18 years of age and older: age, percent body fat, 
lean body mass, waist circumference, body mass index (BMI), days of self-reported 
physical activity per week, and antioxidant intake. Aerobic capacity will be reported 
as VO2max. Antioxidants will be analyzed individually. 
Hypothesis:  It is hypothesized that percent body fat will have the greatest 
influence on aerobic capacity in athletes. It is known that a diverse diet of whole 
fruits, vegetables, grains, and nuts is the best way for an athlete to achieve 
adequate nutrition status and optimize his/her performance15; however, there is 
currently no evidence that those who consume antioxidant-rich diets will 
outperform another athlete with lower antioxidant levels. Percent body fat is the 
best measure of body composition for athletes16, and although no rigid value of 
percent body fat is recommended for a particular sport or athlete15, lower percent 
body fat has been extensively related to higher levels of athletic performance and 
aerobic capacity2,11-14. 
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CHAPTER 2: LITERATURE REVIEW 
 
2.1 Measures Related to Athletic Performance 
 All athletes, whether competitive or recreational, are striving to improve 
their performance. The use of evidence-based research is pivotal to this 
endeavor, because it provides a rationale for the means through which these 
athletes can obtain performance-enhancing benefits. Research conducted on 
athletes is necessary to better define specific characteristics that are related to 
performance. Three fitness characteristics of athletes that are often measured are 
aerobic capacity, body composition, and dietary intake. These three aspects of 
athletes will be discussed in this literature review. 
2.1.1 Aerobic Capacity 
Aerobic capacity, the amount of physiological work a person can perform, 
is measured by maximal oxygen consumption, also known as VO2max. Maximal 
oxygen consumption is an effective measure of an athlete’s fitness level and can 
be used to determine intensity levels for training. A persons’ volume of oxygen 
consumption (VO2) indicates the amount of oxygen consumed, transported, and 
used at the cellular level17. The body requires oxygen for exercise; the maximal 
amount of oxygen a person can consume relates to how efficient the body can 
utilize oxygen. Therefore, VO2max is an effective measure of current fitness 
levels17. Maximal oxygen consumption can be reported in relative [milliliters 
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(mL) of oxygen consumed per kilogram (kg) body weight per minute(min)] or 
absolute terms (Liters [L]/min), the former allowing for comparisons among 
individuals of differing body weights18.  
Cardiorespiratory adaptations to exercise training can lead to increases in 
aerobic capacity. Such adaptations include increases in cardiac output, arterial-
venous oxygen difference, and minute ventilation, as well as cellular adaptations, 
such as increased oxidative muscle fibers, increased capillary density within the 
muscle, and increased production of mitochondrial enzymes17. These adaptations 
will result in trained individuals having higher VO2max values than sedentary 
individuals, as well as improved athletic performance17.  
Aerobic capacity can be measured in multiple ways; however, the best 
measurement is the use of indirect open-circuit spirometry to track VO2 during 
exercise18. This method typically involves the use of a treadmill or cycle 
ergometer to submit the individual to a graded exercise test, during which they 
wear an exercise mask that allows the assessment of VO2 and the volume of 
carbon dioxide expired (VCO2). These values can be evaluated in live-time using 
automated computer systems. The point at which the amount of oxygen inspired 
plateaus, while either workload or carbon dioxide expires continue to increase, is 
considered a person’s VO2max.18  
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The Cooper Institute for Aerobics Research has published a ranking of 
average VO2max values based upon sex and age19. In this table, the values are 
categorized as Very Poor, Poor, Fair, Good, Excellent, and Superior, depending 
on VO2max value, sex, and age. The reported VO2max values range from <17.5 
mL/kg/min (Very Poor female, 60+ years of age) up to >55.9 mL/kg/min (Superior 
male, 13 to 19 years of age). Based upon these variances, it is clear that there are a 
range of VO2max values  greatly influenced by both age and sex.19   
2.1.2 Body Composition 
One of the many factors that affect an athlete’s overall performance is 
body composition. Body composition consists of an athlete’s percent body fat, 
lean body mass, and fat-free mass. Although genetics play a role, this aspect of 
fitness can often be altered through an athlete’s diet and exercise regimen. 
Athletes should tailor these affecters to promote growth and maintenance of 
muscle over body fat deposition. Although there are no universally accepted 
norms for body composition, researchers have shown that a range of 10% to 22% 
and 20% to 32% body fat for men and women, respectively, is adequate for 
overall health20. With regard to athletic performance, an unhealthy body weight 
that is either too low or too high can result in decreases in strength and agility1.  
Determining the optimal body composition for athletic performance is 
difficult because there are many factors that contribute to body composition, 
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some of which are endogenous and cannot be changed (e.g., genetics, ethnicity, 
and age). Optimal values will also vary based upon type of sport/exercise in 
which the person participates. There have been optimal ranges of relative body 
fat percentages published for a multitude of different sports, from baseball to 
body building to rugby to tennis2. These sport-specific body fat percentages 
range from 5% to 25% for males and 6% to 20% for females2. It is generally 
accepted that straying outside these established ranges will inhibit performance2, 
and, despite the sport, it is recommended that men maintain a minimum of 3% 
body fat, and women maintain a minimum of 10% to 13% body fat18. It is 
important for athletes to maintain the respective minimum percent body because 
dropping below the minimum recommended levels can negatively affect 
reproductive system function, impair the function, storage and delivery of 
nutrients throughout the body, and can negatively affect the overall health and 
well-being of an athlete2.  
There are multiple methods of determining body composition, which 
include both field and laboratory measurements18. Such field methods include 
measuring body mass index (BMI), waist circumference, and conducting skinfold 
measurements. Laboratory tests include air-displacement plethysmography (Bod 
Pod™), hydrostatic (underwater) weighing, bioelectrical impedance analysis 
(BIA), and dual-energy X-ray absorptiometry (DXA)18.  
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One of the most common field measurements of body composition is 
measuring  height and body weight, then calculating BMI in kilograms of body 
weight relative to height in meters squared (kg/m2)18. This analysis can be 
performed quickly and inexpensively; therefore, it is the method most often used 
as a cardiovascular disease risk assessment. The Expert Panel on the 
Identification, Evaluation, and Treatment of Overweight and Obesity in Adults 
defines BMI values in the following way: Underweight = BMI < 18.5 kg/m2; 
Normal = 18.5 to 24.9 kg/m2; Overweight = 25.0 to 29.9 kg/m2; Obesity Class I = 
30.0 to 34.9 kg/m2; Obesity Class II = 35.0 to 39.9 kg/m2; Obesity Class III = >40 
kg/m2 21. There are many health risks associated with increasing BMI, such as an 
increased risk of hypertension, type 2 diabetes mellitus, cardiovascular disease, 
and mortality22.  
Another inexpensive measurement of body composition is waist 
circumference. This involves the use of a soft-tape measure to assess the girth of 
a person, typically at the height of the iliac crest or one inch above the umbilicus, 
while standing upright and relaxed18. This measurement represents the pattern 
of fat distribution within a person, which research has shown to be indicative of 
health and prognosis, specifically with regard to obesity-related health issues, 
such as type 2 diabetes mellitus23 and risk of incident of both fatal and non-fatal 
cardiovascular disease events (i.e., myocardial infarction, angina, coronary artery 
			
12	
bypass surgery, or coronary angioplasty)23,24. Waist circumference values can be 
used to categorize an individual’s risk for obesity-related health issues. These 
categories for male and female adults, respectively, are as follows: Very Low risk 
= <80 centimeters and <70 cm; Low risk = 80 to 89 cm and 70 to 89 cm; High risk = 
100 to 120 cm and 90 to 110 cm; Very High risk = >120 cm and >110 cm25.  
Although there are beneficial measurements for the general population, 
BMI and waist circumference do not distinguish between amounts of body fat, 
muscle, or bone, thus making it a less effective measurement of body 
composition in an athlete population17. Athletes are often wrongly classified as 
overweight or obese when BMI is used, because their higher body weight may be 
due to increased muscle mass, and not increased fat mass, which BMI risk 
stratification assumes16.  
More accurate tests of body composition, such as dual-energy X-ray 
absorptiometry (DXA), should be used to assess the adiposity status of athletes. 
The DXA technique uses an X-ray beam to measure both regional and whole-
body composition and bone mineral density17. The DXA is currently the gold 
standard for measuring bone mineral density and is quickly becoming the gold 
standard for analysis of all body tissue17. This technique allows simultaneous 
analysis of fat, fat-free, and lean (muscle) tissue, therefore it is an efficient, 
accurate way to measure body composition in athletes17.  
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Carbuhn et al.26 used DXA to assess a total of 67 female athletes from a 
National Collegiate Athletic Association (NCAA) Division I school in five sports: 
softball (n = 17), basketball (n = 10), volleyball (n = 7), swimming (n = 16), and 
track jumpers and sprinters (n = 17). The researchers reported that overall 
average percent body fat was 26% for softball players, 24% for basketball players, 
27% for volleyball players, 22.2% for swimmers, and 15% for track jumpers and 
sprinters26. This study is an example of how body composition can differ greatly 
between athletes and non-athletes, as well as between sport types based upon 
sport-specific training demands. There is still a need to measure body 
composition in athletes, and not rely solely on BMI. 
2.1.3 Dietary Intake 
 Historically, one of the more underrated aspects of athletic performance 
has been dietary intake. Optimal nutrition not only enhances athletic 
performance, but also improves training adaptations and recovery from 
exercise1. It is vital for athletes to maintain a healthy diet and meet their 
individual energy, macro-, and micronutrient needs to maximize athletic 
performance and maintain appropriate body composition1,2.  
Foods are grouped into the following categories: carbohydrates, lipids, 
protein, vitamins, minerals, and water1,2. Macronutrient (carbohydrates, lipids, 
and protein) recommendations are presented in both specific amounts and as a 
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percent of daily kilocalories (kcals). These recommendations for both male and 
female adults (19 years of age and older) are as follows: carbohydrates = 130 
grams/ day or 45% to 65% of total kcals; fat = no more than 35% with <10% from 
saturated fats; protein = 56 grams/day for males and 46 grams/day for females, or 
10% to 35% of total kcals27. It is also recommended that athletes consume all 
micronutrients (vitamins and minerals) in quantities that meet the 
Recommended Dietary Allowances (RDAs)28, which can be accomplished by 
eating a well-balanced diet; therefore, vitamin and/or mineral supplementation 
should not be necessary.   
There are multiple methods of assessing dietary intake, such as 24-hour 
recalls, three- or seven-day diet records, or food frequency questionnaires 
(FFQs). Each of these uses the recall ability of an individual to give insight into 
his/her average diet. The FFQ, for example, asks individuals to recall how often 
they consumed certain amounts of foods per month during the past year. This 
information can then be used to determine daily averages of macro- and 
micronutrients over the previous year. 
Few researchers have investigated the dietary intake of athletes. Zapolska 
et al.10 used a 24-hour dietary recall to assess the dietary intakes of 17 female 
professional volleyball players. They reported that the women were below 80% 
of the dietary recommendation for total kilocalorie, carbohydrate, fat, fiber, iron, 
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calcium, potassium, vitamin C, folic acid, and riboflavin intakes10. Valliant et al.29 
evaluated the energy and macronutrient intakes of 11 female NCAA Division I 
volleyball players using a three-day dietary record (two week days, one weekend 
day) on two separate occasions during the off-season (pre-intervention), then 
once monthly during the following year’s off-season. These dietary records were 
analyzed into three-day averages for total energy, carbohydrate, protein, and fat 
intakes. Once the records had been analyzed, the athletes received individual 
nutrition education interventions from a Registered Dietitian during the off-
season period, which involved one-on-one sessions between each player and the 
Registered Dietitian. The Registered Dietitian met with each individual athlete 
one week after the food diaries were collected, for a total of four visits with each 
athlete. Topics discussed during the nutrition counseling session were 
individualized based upon the results of their dietary intake records29. The 
authors reported a significant increase in the average percent of energy intake, 
increasing from 55% to 70% of the recommendation (p = 0.002)29. There were also 
significant increases from baseline to post-intervention in the average percent 
carbohydrate and protein intake, increasing from 48% to 66% (p = 0.01) and 59% 
to 72% (p = 0.01) of the recommendation, respectively29. These studies are 
evidence for the notion that athletes may not be meeting recommendations. The 
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study by Valliant and colleagues29 exemplifies the value of teaching athletes how 
to use nutrition appropriately and to their advantage.  
2.2 Antioxidants  
 It is well established that athletes need to meet the RDAs for 
micronutrients to ensure optimal performance1,2. One category of micronutrient 
that is of particular importance for athletes to obtain in the diet is antioxidants.  
2.2.1 Function of Antioxidants 
 Normal cellular metabolism produces reactive oxygen species that have 
both harmful and beneficial functions within the body30,31. When in 
low/moderate concentrations, the functions of these reactive oxygen species are 
favorable, such as cellular development and defense against infectious agents30,31. 
The harmful effects of reactive oxygen species, termed oxidative stress, occur 
when reactive oxygen species concentrations increase and there is a deficiency of 
antioxidant actions to balance production30,31. Oxidative stress can be chronic or 
acute and results from many different causes, such as pro-inflammatory 
conditions, pesticide intake, dietary oxidants (quinones, peroxidized lipids, etc.), 
excessive energy intake, obesity, and excessive or lack of exercise32. These 
damaging effects can include destruction of cellular lipids, proteins, or 
deoxyribonucleic acid (DNA), hence why oxidative stress has been implicated in 
both the aging process and multiple disease processes30,31.  
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Defined broadly, the term antioxidant refers to agents that inactivate 
oxidation of a substance through reduction (i.e., the removal of an electron)31,32. 
Antioxidants function to protect the body from oxidative stress through 
balancing the production of reactive oxygen species, a process termed redox 
regulation30. There are two types of antioxidant defenses: enzymatic antioxidants, 
which include superoxide dismutase and glutathione peroxidase; and non-
enzymatic antioxidants, which include dietary antioxidants such as ascorbic acid 
(vitamin C), alpha (α)-tocopherol (vitamin E), carotenoids [such as beta (β)-
carotene), and others30. These two types of antioxidants often work together to 
function; for example, glutathione is able to regenerate vitamin C and vitamin E 
back to their active forms30. Furthermore, many of the enzymatic antioxidants 
require trace elements as co-factors for their structure and functionality33. Such 
co-factors include both iron and zinc, thus allowing these elements to be 
classified as dietary antioxidants with vitamin C, vitamin E, and β-carotene 33. 
2.2.2 Antioxidants of Interest 
 Although there are a number of antioxidants, eight were the focus of this 
study, and will be discussed in the following section. They are: vitamin A, β- 
carotene, vitamin C, vitamin E, iron, zinc, copper and selenium. 
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2.2.2.1 Vitamin A 
 Vitamin A, the nutritional term for the compound retinol and retinol 
equivalents (RE), is a fat-soluble, essential nutrient, meaning it cannot be 
synthesized within the body and must be acquired through dietary sources32. 
This can be done by consuming either preformed vitamin A (retinol) that is 
found in animal tissues, or as pro-vitamin A (β-carotene) that is found in certain 
plants and fungi. The highest concentrations of preformed vitamin A are found 
in organ meats (e.g., liver); lower amounts are found in milk and eggs. Fortified 
foods, such as milk, margarine, and cereals are also good sources of vitamin A. 
The Recommended Dietary Allowance (RDA) for vitamin A, established by the 
Food and Nutrition Board of the Institute of Medicine (IOM)28, men and women 
18 years of age and older are 900 retinol activity equivalents (RAE) per day and 
700 RAE per day for, respectively. The tolerable upper intake level (UL) for all 
adults 18 years of age and older is 2,800 to 3,000 micrograms (mcg) of preformed 
retinol/day. Retinol activity equivalents are used as the unit of measurement for 
vitamin A because foods differ in their contents of both pre- and pro-formed 
vitamin A that have different bioavailabilities; the unit RAE takes these 
bioactivity differences into account.32 
 Cao and colleagues34 used self-administered dietary history 
questionnaires and a cycle ergometer exercise test to compare dietary intakes to 
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VO2max in 373 healthy men (48.8 ± 11.5 years of age). The authors stratified the 
sample population into fitness levels based on VO2max, and reported that 
vitamin A intakes increased significantly as fitness levels increased (p = 0.03)34. 
Although vitamin A intakes and VO2max values were correlated, the researches 
could not conclude that vitamin A had an ergogenic effect on exercise.  
There is limited information on the causal effect of vitamin A alone on 
exercise performance. Wald and colleagues35 conducted a study in which five 
healthy, male college students consumed large amounts of vitamin A (75,000 
International Units [IU]) daily for 30 days, prior to being placed on a six-month 
vitamin A deficiency diet (< 100 IU per day), after which they consumed six-
weeks of a normal, vitamin A-rich diet. The researchers measured the 
participants’ fitness using a treadmill test at 3 to 4.5 months into the deficiency 
diet and after six weeks of the vitamin A repletion diet. There were no significant 
differences in treadmill test performance between the vitamin A deficient diet or 
the vitamin A repletion diet. Although the results indicate no effect of vitamin A 
on exercise performance, the authors noted that the large vitamin A doses prior 
to deficiency probably increased body stores35; therefore, it is still unknown 
whether or not vitamin A truly plays a role in exercise performance. 
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2.2.2.2 Beta (β)-carotene 
 Carotenoids (e.g., β- carotene) are lipophilic pigments that aid various 
biological functions, such as cellular signaling32. When absorbed into the 
intestine, β-carotene is either cleaved to become retinol, thus forming vitamin A 
within the intestine, or it is transported to the liver to be transformed into 
vitamin A for storage or use within the body. Carotenoids can be found in 
deeply pigmented yellow to red fruits and vegetables. β-carotene, specifically, is 
responsible for the orange color of carrots, and is also found in sweet potatoes, 
mangos, pumpkin, apricots, and many leafy green vegetables. There is no RDA 
for β- carotene; however, the median dietary intake, defined by the Third 
National Health and Nutrition Examination Survey (NHANES III)36, is 1,665 
micrograms per day (mcg/day), with the 10th to 90th percentile ranging from 774 
to 3,580 mcg/day.32 
 Researchers who have investigated the role of β-carotene in exercise 
performance often use β-carotene supplemented with other antioxidants, such as 
vitamins C and E. Gauche et al.37 investigated the effects of a vitamin and mineral 
complex supplement that included β-carotene, vitamin C and vitamin E, on 
neuromuscular function after a trail running race. The authors supplemented 24 
well-trained endurance runners, 39.7 ± 1.7 years of age, with either a vitamin and 
mineral complex (n = 12) or a placebo, for 21 days pre- and two days post-race. 
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The “Isoxan Endurance” vitamin and mineral complex product consisted of the 
following nutrients: vitamin C (200 milligrams [mg]), vitamin E (32 mg), vitamin 
B5 (20 mg), vitamin B3 (8 mg), β-carotene (6 mg), vitamin B6 (5 mg), vitamin B2 (5 
mg), vitamin B1 (4 mg), vitamin B9 (400 micrograms [mcg]), vitamin B8 (133 mcg), 
vitamin B12 (4 mcg), magnesium (173 mcg), zinc (19 mg) iron (13 mg), manganese 
(5 mg), copper (4 mg), and selenium (153 mcg).  Voluntary and electrically-
evoked neuromuscular tests were performed on the vastus lateralis two days 
pre-race, one-hour post-race, 24-hours post-race, and 48 hours post-race. The 
voluntary test consisted of a maximal isometric force test of the right knee 
extensor in an isometric ergometer chair connected to a strain gauge. The 
participants performed three trials of maximal isometric contractions of the knee 
extensor. The best performance of the three trials was recorded as maximal 
voluntary contraction. The electrically-evoked neuromuscular tests involved 
electrical stimulation applied to the femoral nerve of the right knee extensor. A 
high-voltage stimulator delivered square-wave electrical pulses of varying 
intensities for 1-milisecond durations; optimal intensity of stimulation was 
determined by progressively increasing intensity until maximal isometric twitch 
torque was achieved. Electrical activity of the vastus lateralis was recorded using 
electromyography. The researchers found no significant differences in running 
times or maximal voluntary contraction recovery after 24 hours; however, the 
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supplemented group had significantly more maximal voluntary contraction 
recovery at 48 hours than the placebo group (p < 0.05). The researchers 
concluded that the dietary complex containing β-carotene, vitamins C and E and 
other nutrients provided no attenuation for the loss of contractile function that 
accompanies muscular fatigue post-race. Nonetheless, the nutrient complex 
could have some merit, evidenced by the supplemented group exhibiting a 
modest improvement in maximal voluntary contraction recovery 48 hours post-
race.37  
The results reported by Gauche et al.37 align similarly with those from a 
study conducted by Tauler and colleagues38. In this 90-day supplementation 
study, the authors randomly assigned 15 amateur trained male endurance 
athletes (three cyclists, 12 general athletes; 23.3 ± 2.0 years of age) to either a 
control group (n = 7; lactose placebo) or an antioxidant supplemented group (n = 
8). The antioxidant supplemented included the following nutrients: 15 mg of β-
carotene and 250 mg of vitamin E. For the last 15 days of the 90-day trial, the 
supplemented group also took two additional capsules containing 500 mg of 
vitamin C. The researchers added vitamin C to attain synergistic effects of the 
antioxidant supplementation. The athletes completed both maximal and 
submaximal exercise tests on a cycle ergometer prior to and after 90 days of 
supplementation. The submaximal exercise test took place one-week after the 
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VO2max test and was completed at 80% of VO2max for 90 minutes. The 
researchers took blood samples prior-to and after the supplementation period, as 
well as prior to and after each exercise test. Plasma levels of the vitamins and 
enzymatic activities were measured, which included superoxide dismutase, 
catalase, glutathione peroxidase, and glutathione reductase. Although plasma 
concentrations of all three antioxidants significantly increased after the 90-day 
supplementation period (p < 0.05), there were no significant effects of the 
antioxidant supplementation on VO2max. Tauler et al.38 concluded that there 
were no ergogenic effects of exercise when athletes supplement for 90 days with 
an antioxidant cocktail containing vitamin E, β-carotene, and vitamin C.  
2.2.2.3 Vitamin C 
 Ascorbic acid (vitamin C) is a water-soluble, essential nutrient that cannot 
be synthesized in the body and must be obtained in the diet32. The many 
functions of vitamin C are all related to its ability to donate electrons efficiently, 
thus making it an excellent antioxidant. Beneficial quantities of Vitamin C can be 
found in many different whole fruits and vegetables, such as cantaloupe, 
broccoli, kiwi, red and green peppers, papaya, and strawberries. The RDA for 
vitamin C for adults, 18 years of age and older, are 90 mg/day for men and 75 
mg/day for women28. The UL for both sexes is 2,000 mg/day.32 
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 Vitamin C has been investigated for its possible performance benefits. As 
mentioned previously, Gauche et al.37 and Tauler et al.38 both used vitamin-
mineral supplements that included vitamin C (200 mg and 500 mg, respectively) 
to investigate performance benefits and found no significant relationships 
between antioxidant intakes and exercise performance. Cao and colleagues34 
assessed the dietary intake of 373 healthy men, 48.8 ± 11.5 years of age, without 
history of chronic disease, using a self-administered diet history questionnaire. 
The authors then compared the self-reported dietary intakes to VO2max values 
obtained during a cycle ergometer test. Cao and colleagues34 reported no 
significant relationship between vitamin C intakes and VO2max in their healthy 
male population.34 
Although there may be no relationship between vitamin C and during-
exercise performance, there may be recovery benefits with vitamin C intake. 
Peters and colleagues39 investigated whether or not supplementing 
ultramarathon runners with 600 mg/day of vitamin C for 21 days prior to a race 
would reduce the incidence of upper respiratory tract  infection symptoms (e.g., 
running nose, sneezing, sore throat, cough, and fever) after a 90-kilometer 
running race. The runners (total n = 84) and age-matched controls (total n = 73) 
were assigned to either a placebo (n = 41 runners; n = 39 in control group) or 
vitamin C-supplemented groups (n = 43 runners; n = 34 in control group). The 
			
25	
supplemented runners and controls were instructed to take 600 mg of vitamin C 
daily for 21 days prior to the race. The placebo runners and controls consumed 
an identical looking and tasting placebo for the same 21 days. All runners (those 
who were supplemented and those who took a placebo) were questioned two 
weeks post-race about their performance, adherence with supplementation and 
incidence of upper respiratory tract infection symptoms. Peters and colleagues39 
reported that the runners taking vitamin C had significantly less incidence of 
upper respiratory tract symptoms than runners taking the placebo (p < 0.01). In 
addition, non-runner control participants taking vitamin C had significantly 
lower duration of symptoms than the non-runner control placebo group (p < 
0.05). Although the authors also reported no relationship between race finishing 
time and risk of upper respiratory tract infection, the results may indicate that 
vitamin C could be beneficial for athletes during their recovery periods.39 These 
results also indicate, however, that running itself, may decrease the symptoms of 
respiratory tract infection symptoms. 
2.2.2.4 Vitamin E 
 Vitamin E, also known as alpha (α)- tocopherol, is a fat-soluble vitamin 
that functions as a potent antioxidant for preventing lipid auto-oxidation. The 
best sources of vitamin E are nuts and seeds, specifically almonds, sunflower 
seeds; other sources include wheat germ and edible vegetable oils, as well as 
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fortified foods such as cereals, juices, and milk. The RDA for vitamin E for adults, 
18 years of age and older, is 19 mg/day for both males and females. The UL has 
been established at 1000 mg/day.32   
 Vitamin E has been investigated for its potential role in minimizing 
muscle damage caused by reactive oxygen species produced during exercise. 
Gaeini and colleagues40 conducted a double-blind, placebo-controlled 
supplementation study in which 20 healthy, non-smoker, male recreational 
athletes were supplemented with either vitamin E (n = 10; 23.1 ± 1.96 years of 
age) or a lactose placebo (n = 10; 23.5 ± 1.43 years of age) for a period of eight 
weeks. The vitamin E supplementation consisted of 450 mg of α-tocopherol. The 
participants were submitted to an incremental cycling exercise test at baseline 
and after the eight-week supplementation period. Blood samples were taken 
after each cycle ergometer test to evaluate serum concentrations of oxidative 
stress (malondialdehyde, carbonylated proteins, and creatine kinase). The 
researchers found no significant differences in oxidative stress markers, cycling 
time, or VO2max values before or after the supplementation period for either 
group. Gaeini et al.40 concluded that vitamin E supplementation had no effect on 
exercise performance. However, the sample size of this study was small, and the 
supplementation period was only eight weeks in duration. The results may have 
been different if a larger sample size or longer duration of supplementation had 
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been used. In addition, the researchers only measured oxidative stress markers 
and did not investigate the effect of the supplementation on common markers of 
inflammation (e.g., C-reactive protein); there may have been other findings if 
inflammation had been measured.  
 Garelnabi et al.41 reported similar results when they investigated the effect 
of vitamin E supplementation on exercise-induced oxidative stress and 
inflammation markers. The researchers randomized 455 healthy, sedentary (i.e., 
those not involved in regular exercise) adult participants (n = 260 females; 32.4 ± 
8.7 years of age; n = 195 males, 34.2 ± 10.0 years of age) into a vitamin E-
supplemented (800 International Units [IU] total) or placebo group for an eight-
week supplementation period. The participants completed a treadmill test for 
VO2peak at the beginning and end of the eight-week study period, during which 
time they were required to obtain at least 30 minutes of aerobic exercise, three 
times a week. Blood samples were taken at baseline, then again at two, four and 
eight weeks to examine inflammation and oxidative stress markers (human 
myeloperoxidase (MPO), 8-Isoprostane, soluble vascular cell adhesion molecule-
1, monocyte chemotactic protein-1, and oxidized low density lipoprotein). 
Garelnabi et al.41 reported that, although both males and females increased total 
VO2peak levels after the eight-week period, there were no significant differences 
between the placebo and vitamin E groups for VO2peak values. In addition, the 
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researchers reported no significant differences between the placebo and vitamin 
E groups for markers of inflammation or oxidative stress. Like Gaeini et al.40, 
Garelnabi and colleagues41 demonstrated that supplementing with vitamin E had 
no ergogenic effects on exercise.  
 Although the results between the two studies are in agreement that 
vitamin E supplementation does not affect exercise outcomes, Garelnabi et al.41 
conducted the study on a sedentary population while Gaeini and colleagues40 
used a recreationally-active population. This warrants further research on 
whether or not the training levels of participants prior to supplementation could 
cause a different effect of the antioxidant supplementation on exercise. 
2.2.2.5 Iron 
 Iron is an essential nutrient that the body cannot synthesize, therefore it 
must be obtained through dietary intake32. Iron has been very well studied 
because it plays a central role in both oxygen and energy metabolism. Iron can be 
found in the diet as either heme or non-heme iron. Heme iron is more 
bioavailable (i.e., the body can use this form more efficiently) and can be found 
in foods such as red meats, fish, and poultry. Although it is not as bioavailable, 
non-heme iron is more predominantly found in the diet, sourced from plants 
such as dark, leafy greens and fortified cereals. Iron absorption can be greatly 
influenced by endogenous factors, particularly the levels of other nutrients (e.g., 
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vitamin C, polyphenols, and calcium) in the diet. The RDA for iron for adults, 19 
years of age and older, is 8 mg/day for men and 18 mg/day for women28. The 
RDA for women is higher due to menstruation. The RDA for women decreases 
to 8 mg/day, for women 51 years of age and older. The UL for male and female 
adults is 45 mg/day28.32 
 Research on iron as an ergogenic aid has typically been conducted on 
populations that exhibit iron deficiency (with and without anemia) prior to the 
study intervention. Burden and colleages42 assigned 15 iron-deficient, non-
anemic runners (n = 9 females) to either an intravenous iron treatment (n = 7, 
single 500 mg iron transfusion) or a placebo group. The athletes completed three 
exercise tests: one before treatment, one within 24 hours of treatment, and one 
four weeks after treatment. The researchers reported significant improvements in 
serum ferritin, serum iron, and transferrin saturation concentrations in the iron-
supplemented group after the intervention compared to the control group (p < 
0.05). They did not report significant differences between groups for VO2max 
values or time to exhaustion.42 This study aligns similarly with other researchers 
who have shown that supplementing athletes with iron deficiency with and 
without anemia can improve their iron status, yet exhibit no effects on exercise 
performance43-45.  
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Cao et al.34 assessed the dietary intake of 373 healthy men, 48.8 ± 11.5 years 
of age, without history of chronic disease, using a self-administered diet history 
questionnaire. The authors then compared the self-reported intakes to VO2max 
values obtained during a cycle ergometer test. Cao and colleagues34 reported no 
relationship between iron intake and VO2max values in their healthy male 
population. In addition, the iron intakes reported in this study were well below 
the RDA for males34. This could indicate that the population measured was iron 
deficient; however, serum concentrations of iron status were not taken. 
Researchers have previously shown that some athletes, particularly females, do 
not obtain the RDA for iron10,46. Iron is essential for oxygen delivery to the tissues 
and for use of oxygen at the cellular level3,32; therefore, compromised iron status 
can be detrimental to exercise performance and health of an athlete. 
2.2.2.6 Zinc 
 Similar to iron, zinc is an essential nutrient that must be obtained through 
the diet because the human body cannot synthesize it32. There are many 
biochemical mechanisms that are zinc-dependent, thus making this mineral vital 
for physiological function. The highest food sources of zinc include animal 
organs and flesh, fowl, fish, and crustaceans; zinc can also be found in eggs, 
dairy, and fortified foods. The RDA for zinc for adults, 19 years of age and older, 
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is 11 mg/day and 8 mg/day for males and females, respectively28. The UL for both 
sexes is 40 mg/day28.32 
Information on the ergogenic effect of zinc is limited and mixed. Cao et 
al.34 assessed the dietary intake of 373 healthy men, 48.8 ± 11.5 years of age, 
without history of chronic disease, using a self-administered diet history 
questionnaire. The authors then compared the self-reported intakes to VO2max 
values obtained during a cycle ergometer test. Cao and colleagues34 found no 
relationship between dietary zinc intakes and VO2max in their healthy male 
population.  
Singh and colleages47 measured five, non-smoking male runners, 33.0 ± 3.0 
years of age, in a double-blind, placebo-controlled, cross-over design study, to 
examine the effect of zinc supplementation on exercise-induced changes in 
immune function. The study consisted of two phases, during which participants 
took either a supplement (25 mg of zinc picolinate with 1.5 mg of copper sulfate) 
or a placebo twice daily (one in the morning, one in the evening) for six days for 
the first phase. This was followed by a two-week washout period. Then the 
participants took the opposite capsule for the second phase. The participants 
completed a submaximal treadmill test at 70% to 75% of their VO2max on the 
fourth day of each phase. Blood samples were obtained pre- and immediately 
post-run, as well as on days five and six of each phase. Superoxide anion release 
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by circulating neutrophils (PMN), plasma zinc and copper concentrations, serum 
cortisol, ceruloplasmin and ferritin concentrations were all measured. The 
plasma concentrations of zinc and copper were significantly higher during the 
supplementation phase than the placebo phase (p < 0.05); however, no significant 
differences were reported between the supplementation and placebo groups for 
any measures of performance or cortisol concentrations at any time. 
Interestingly, Singh et al.47 did report that exercise-induced PMN activity was 
significantly greater in the placebo phase than the supplemented phase. This 
indicates that the zinc with copper supplementation blocked this increase in 
PMN activity that leads to the production of the superoxide anion, a reactive 
oxygen species. The authors concluded that zinc plays a role in blocking the 
exercise-induced increase in reactive oxygen species; however, due to the small 
sample size, they could not conclude whether or not this effect would benefit all 
athletes.  
Lukaski48 conducted a double-blind, cross-over study in which 14 healthy, 
recreationally or occupationally active men, 28.6 ± 1.3 years of age, were fed 
either a low-zinc diet (3.5 mg/day) or a low-zinc diet that was supplemented 
with 16 mg/day of zinc, as zinc sulfate, for nine weeks. There was a six-week 
washout between each of the interventions. Fasting blood samples were collected 
during the second and ninth week of each dietary period to determine zinc status 
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(which included serum and red blood cell zinc concentrations) and carbonic 
anhydrase activity. The participants completed cycle ergometer tests for peak 
work capacity and submaximal peak oxygen uptake (conducted at 70% peak 
oxygen consumption), during the second and ninth weeks of each dietary period. 
Lukaski48 showed that the low-zinc diet period exhibited significantly lower zinc 
status over the nine-week period compared to the zinc-supplemented period (p < 
0.05). Lukaski48 also reported lower values of carbonic anhydrase activity, peak 
oxygen uptake, carbon dioxide output, and respiratory exchange ratio in the low-
zinc diet period compared to the supplementation period (p < 0.05). The author 
also found higher ventilator equivalents for metabolic responses during exercise 
in the low-zinc diet period compared to the zinc-supplemented period (p < 0.05). 
Although zinc supplementation provided benefits compared to a low-zinc diet, 
the zinc supplementation period alone did not exhibit significant differences 
from week two to week nine for any performance measures, including peak 
oxygen uptake, peak carbon dioxide output or respiratory exchange ratio. These 
results indicate that low dietary zinc negatively affects performance and 
metabolic responses during exercise compared to a diet that contains adequate 
amounts of zinc.48 These results could have been affected by the order of the 
cross-over design and the duration of the washout period. Those who began with 
zinc supplementation could have retained some zinc during the beginning of the 
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second phase of the study, while those who began with low-zinc diets could 
have been more depleted prior to beginning the supplementation phase than 
after the phases were switched. A two-week washout period may not have been 
adequate to attenuate these possible effects. A longer washout period would 
have allowed a better conclusion of whether or not the order of the cross-over 
was a cofounder of the results.  
Zinc plays an important role in over 300 enzymatic reactions in the body32, 
therefore it can be assumed that obtaining adequate levels of zinc is important to 
exercise and health. The results reported by Singh and colleagues47 and Lukaski48 
indicate that insufficient zinc intake may inhibit exercise performance, yet the 
results from Cao et al.34  do not indicate a relationship between zinc intakes and 
exercise performance. The mixed results of these studies warrant further research 
on determining whether or not insufficient zinc truly inhibits exercise 
performance.  
2.2.2.7 Copper 
 Copper is an essential nutrient that is present in body fluids and tissues in 
parts per million to parts per billion32. This nutrient plays a vital role in 
physiologic function; it acts as a cofactor for many different enzymes, most of 
which are oxidases. Copper also plays an important role in iron homeostasis, 
connective tissue formation, and the functions of the central nervous, 
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cardiovascular, and immune systems. The best food sources of copper are 
shellfish, seeds, nuts, organ meats, whole grains, and chocolate. The RDA for 
male and female adults, 19 years of age and older, is 900 mcg/day. The UL for 
both sexes is 10,000 mcg/day28.32 
 There is limited research on the effect of copper on exercise performance. 
Cao et al.34 assessed the dietary intake of 373 healthy men, 48.8 ± 11.5 years of 
age, without history of chronic disease, using a self-administered diet history 
questionnaire. The authors then compared the self-reported intakes to VO2max 
values obtained during a cycle ergometer test. The authors reported no 
relationship between copper intakes and VO2max in their healthy male 
population34.  
2.2.2.8 Selenium 
 Selenium in the body is primarily found as components of amino acids 
within proteins, most of which are involved in redox reactions32. These 
selenoproteins are important protective agents against reactive oxygen species, 
thus making selenium an important antioxidant. The best dietary sources of 
selenium are organ meats and seafood. Other sources include non-organ meats, 
cereals and grains, dairy products, and some fruits and vegetables. The RDA for 
male and female adults, 19 years of age and older, is 55 mcg/day; the UL is 400 
mcg/day.32 
			
36	
 Tessier and colleagues50 used a double-blind method to evaluate the effect 
of selenium supplementation on exercise. Twenty-four healthy male university 
students were randomized into either a placebo group (n = 12; 22.54 ± 2.00 years 
of age) or a selenium supplementation group (23.28 ± 2.36 years of age; 180 
mcg/day of selenomethionine). The men participated in a 10-week endurance 
training program/supplementation period. The men performed a VO2max test 
before and after the 10-week period. Tessier and colleagues50 reported that both 
groups had significant increases in VO2max (p < 0.001) at post-training compared 
to baseline; however, there was no significant differences between the selenium 
supplemented and non-supplemented groups for VO2max.50 The researchers 
concluded that exhaustive exercise resulted in the probable formation of reactive 
oxygen species in the muscle. Despite the existence of a correlation between 
VO2max and changes in red cell glutathione peroxidase activity, of which 
selenium is a cofactor, supplementation with selenium did not play a role in 
attenuating the production of reactive oxygen species50. The lack of an ergogenic 
effect of selenium could be due to a confounding effect of the training regimens 
the participants completed; the training effects could have overshadowed the 
effect of the selenium. Further research should be conducted in previously-
trained athletes who do not already supplement with selenium to assess if 
supplementing with selenium would have an effect.  
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2.2.3 Antioxidants and Exercise 
 Although the process of oxidative damage and its many causes have been 
known for many years, it was not until the early 1980’s that the first publication 
emerged with evidence that contracting skeletal muscle (e.g., during exercise) 
produces reactive oxygen species within the skeletal muscle that are potentially 
damaging to tissues51,52. Since that discovery, it has been established that 
appropriate levels of ROS are necessary for optimal force production in the 
skeletal muscle; however, high levels of reactive oxygen species production can 
cause muscle dysfunction and induce muscular fatigue, ultimately leading to 
decreased performance31,52. This relationship appears to follow the concept of 
hormesis, or a dose-response relationship, in which low levels may be beneficial, 
but high levels are inhibitory or even toxic31.  
With prolonged exercise training, the body can adapt to the exercise-
induced oxidative stress and become more resistant to its consequences; 
however, this evolution does not happen quickly, nor does it completely 
attenuate the performance-inhibiting effects of oxidative stress31. Because these 
physiological adaptations do not happen quickly, much research is still being 
dedicated to investigating the role of enzymatic and non-enzymatic antioxidants 
in cellular protection from oxidative stress to compensate for the slow speed of 
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the physiologic adaptations. Some of this research has been focused on dietary 
antioxidants, in particular31,52.   
2.3 Antioxidant Intake Related to Adiposity 
 Due to the current high prevalence of obesity53, many studies have been 
conducted to investigate the nutritional status of the general public in relation to 
adiposity. For example, Kimmons and colleagues7 used nationally-representative 
data from the National Health and Nutrition Examination Survey III (NHANES 
III) to explore the relationship between nutritional biomarkers and body mass 
index (BMI) as a measure of adiposity. The researchers found that increasing 
BMI category was significantly associated with low blood concentrations of β-
carotene and vitamin C  for both male and female adults, as well as low blood 
vitamin E concentrations for females7. These results coincide with results from a 
study conducted by Johnston et al.8, who also reported that plasma vitamin C 
concentrations were inversely related to both BMI and percent body fat in a 
sedentary, non-smoking adult population8. Fewer studies have been conducted 
to assess the relationship between actual dietary intake (rather than biochemical 
nutrient concentrations) and adiposity. Zulet and colleagues9 used a semi-
quantitative food frequency questionnaire and anthropometric measurement 
data from 61 healthy, adult participants to determine that adults with lower 
vitamin A intakes had significantly higher BMIs and waist circumferences9. 
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Although a multitude of information exists on the nutritional status and 
BMI of the general public, these studies are not particularly applicable to an 
athletic population. As previously mentioned, it has been well-established that 
BMI is not the most representative measure of adiposity or health risk for an 
athletic population16; therefore, existing studies using BMI should not be 
generalized to athletes. A better measure of body composition in athletes is body 
fat percent, which is most accurate when using laboratory tests such as BIA, 
which Johnston and colleagues8 used in their investigation of the relationship 
between plasma vitamin C concentrations and adiposity in 118 participants (n = 
35 men). The researchers found that plasma vitamin C concentration was 
significantly inversely related to percent body fat in both women (p < 0.001) and 
men (p = 0.019). 
These studies all differ in methodology for the measure of body 
composition (BMI versus laboratory measures) and antioxidant status (intakes 
versus blood concentrations); these differences exemplify the need for furthered 
research on the relationship between body composition and antioxidants.  
2.4 Antioxidant Intake Related to Aerobic Capacity 
 As discussed previously, it is known that exercise leads to the production 
of reactive oxygen species within the muscle, which can be detrimental to athletic 
performance52. Over the years, dietary antioxidants have been a topic of research 
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to determine whether or not antioxidants can attenuate the inhibitory effects of 
reactive oxygen species production during exercise. Most of these studies have 
been supplementation studies that varied in sample size, antioxidants used 
(singularly or in combination), dosages of the antioxidant(s) used, length of 
administration, and follow-ups to assess long-term effects37,38,54-56. For example, 
Tauler et al.38 and Gauche et al.37 used double-blind methodology, measured an 
athletic population, and supplemented with nutrient complexes that contained β-
carotene, vitamin C, and vitamin E. Nonetheless, they reported opposing results, 
no ergogenic effect and improved exercise performance, respectively.  
Chenoweth and colleagues49 investigated the effect of supplementation 
with an antioxidant complex on pulmonary function tests and exercise in a cross-
over study design. The authors recruited 10 healthy, active (< three hours of 
aerobic exercise per week), non-smoking participants (5 females and 5 males; 
22.0 ± 1.0 years of age) who consumed less than five servings of fruits and 
vegetables per day and were not taking vitamin or mineral supplements for at 
least three months prior to the study. The participants were randomly assigned 
to a placebo group (n = 5) or antioxidant-supplemented group (n = 5); they took 
their respective supplement daily for a four-week period. Following the first four 
weeks, there was a minimum four-week washout period (mean = 49.0 ± 5.1 days; 
range 29 to 71 days) before participants were given the alternate treatment. 
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Antioxidants in the commercial supplement, “Puritan’s Pride Maximum Anti-
Oxidant Formula”, included vitamin C (calcium ascorbate and ascorbyl 
palmitate, 500 mg), vitamin E (d-alpha tocopheryl succinate, 400 IU), β-carotene 
(15,000 IU), zinc (7.5 mg), selenium (50 mg), copper (1 mg), and manganese (2.5 
mg). Participants completed five exercise sessions in the lab over each four-week 
treatment period; the sessions consisted of pulmonary function and exercise 
tests. Pulmonary function tests were completed prior to and following each 
exercise test. Pulmonary function tests included maximum flow-volume loops 
(for forced expiratory volume in one second, forced vital capacity, forced 
expiratory flow rates, and peak expiratory flow rate); maximum inspiratory 
mouth pressure; and maximal expiratory mouth pressure (a measure of 
respiratory muscle strength). The participants also completed an incremental 
treadmill test at the first exercise session to determine VO2max. The participants 
also completed submaximal exercise tests (at 70% VO2max) before and following 
the four-week treatment periods.  
Chenoweth and colleagues49 reported the following at the end of each 
antioxidant supplementation period: nine out of 10 participants significantly 
increased (p < 0.05) total antioxidant status as well as forced expiratory flow 
rates, forced expiratory volume, and forced vital capacity.  There were no other 
significant differences between baseline and the end of the supplementation 
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period for the remaining pulmonary function tests. There were also no 
differences in time to exhaustion during the exercise tests, volume of oxygen 
inspired, volume of carbon dioxide expired, respiratory exchange ratio, or heart 
rate between the placebo and antioxidant-supplemented groups, prior to or 
following supplementation. Chenoweth et al.49 concluded that the antioxidant 
status of participants not meeting fruit and vegetable recommendations can 
significantly increase with antioxidant supplementation. In addition, antiodixant 
supplementation was associated with significant increases in resting expiratory 
flow rates; however, the supplementation did not result in an ergogenic effect on 
exercise. These conclusions are novel because they demonstrate that antioxidant 
supplementation can help to improve pulmonary function. Low fruit and 
vegetable intakes can reduce pulmonary function and limit respiration during 
exercise. Although there were no significant increases in exercise performance 
demonstrated in this study, this study is an example of how antioxidants could 
be involved in improving respiratory status of individuals who are not 
consuming enough fruits and vegetables.49 
Lloyd and colleagues57 conducted a cross-sectional analysis of data from 
the Penn State Young Women’s Health Study, which consisted of 86 young 
women (17.1 ± 0.5 years of age). The researchers utilized three-day dietary 
records to assess dietary intake. They also measured for serum antioxidants 
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concentrations. In addition, they used a cycle ergometer test for estimation of 
aerobic capacity (VO2max)57. The participants were then placed into quintiles 
based upon VO2max values. The researchers reported that those in the group 
with the highest aerobic capacity had significantly higher blood concentrations of 
β-carotene and α-tocopherol than the group with the lowest VO2max; however, 
there were no significant differences among VO2max quintiles for serum 
concentrations of vitamin A or vitamin C57. With the wide variation of study 
designs, it is not surprising that results have also varied greatly. At this time, 
there is not enough evidence to warrant supplementation of any antioxidant for 
performance improvements; athletes can, and should, achieve adequate 
antioxidant status by consuming a balanced, well-diversified diet15,33.  
Some athletes may not be consuming the proper amounts of antioxidants 
and/or they have low concentrations in their blood. Such antioxidants include 
vitamin A56, vitamin C7,10,56, vitamin E7,10,56, and iron10. These antioxidants are all 
essential to performance in different ways, therefore singular or multiple 
deficiencies in intake and/or blood concentrations could greatly hinder exercise 
performance and recovery3. If an athlete is suspected to be deficient in any 
essential nutrient, they should first both their dietary intake assessed and 
plasma/serum values tested prior to supplementation15. 
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Supplementation may be warranted for athletes not consuming a balanced 
diet; however, careful consideration must be taken to determine the best 
amounts necessary to promote the hormetic response of antioxidant activity58. 
Whole foods contain antioxidants in natural proportions that can act 
synergistically to provide the most benefits for athletes in training; therefore, the 
first course of action should always be to promote a varied, antioxidant-rich diet 
of assorted fruits and vegetables to prevent or counter any present deficiencies58.  
2.5 Adiposity Related to Aerobic Capacity 
 Body composition, specifically body fat percentage, is often a determinant 
of success in exercise performance; therefore, body composition is an important 
factor for an athlete to consider during training15. Researchers have used 
evidence-based analyses to determine optimal ranges for body fat percentage 
based upon sport or exercise modality. In general, it has been established that, 
for most sports and fitness-based professions, body fat percentages that fall 
within the established optimal ranges result in the best athletic success2.  
Researchers have often shown that an inverse relationship between body 
fat percentage and aerobic capacity, a measure of exercise performance, does 
exist. For example, Crawford and colleagues12 analyzed the aerobic capacity of 99 
male, 101st Airborne Soldiers using a Wingate cycle protocol test and reported 
that, when stratified into groups based on body fat percentages (determined by 
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Bod Pod™) of either ≤ 18% or > 18%, the group with the lower percent body fat 
had significantly higher VO2max results (p < 0.001). This is in concurrence with 
Matilla et al.11 who also measured a military population of 140 Finland Naval 
recruits, and reported that lower BMI, fat mass, and percent body fat (measured 
using DXA) were all significantly related to longer running distances during a 
12-minute Cooper running test (p < 0.001).  
 Collins et al.14 measured 54 male, NCAA Division III varsity lacrosse 
players and reported significant positive correlations between percent body fat 
(measured using Bod Pod™) and both the 300-yard shuttle and mile running 
times (p < 0.01).Thus, those with higher body fat percentages were slower than 
those with lower body fat percentages. Another athlete population in which this 
inverse relationship between body fat and exercise performance can be seen is in 
career service employees, such as firefighters. Poplin and colleagues13 used 
bioelectrical impedance analyses and the Gerkin submaximal treadmill tests to 
determine body fat and aerobic capacity of 799 career fire service employees 
(4.9% females). The authors found that VO2max and percent body fat were 
significantly inversely related (p < 0.05), which corresponds directly with the 
aforementioned studies.  
 In summary, there is some evidence that antioxidants, in appropriate 
quantities, may be beneficial to performance through the attenuation of oxidative 
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damage caused by exercise. At this time, there is limited research on the 
relationship between antioxidants and aerobic capacity. Most of the researchers 
who have conducted research in the areas of aerobic capacity and body 
composition (adiposity) have used self-reported dietary intakes as the 
antioxidant measure..  This paucity of information provides reason to investigate 
antioxidants, aerobic capacity, and adiposity using self-reported intakes of 
antioxidants with more accurate, laboratory measures of adiposity.  
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CHAPTER 3: METHODOLOGY 
 
3.1 Institutional Review Board Approval 
 The Drexel University Institutional Review Board (IRB) first approved the 
study from which the data for the present study were derived. All recruitment 
methods and materials were also approved. The present study does not utilize all 
tests that are conducted in the full IRB-approved study; therefore, this 
methodology gives only details of the measurements conducted that are relevant 
to the present study.  
3.2 Exclusion and Inclusion Criteria 
Exclusion criteria for this study are as follows: smokers, sedentary 
individuals (defined as persons who exercise less than two days a week), 
individuals diagnosed with chronic disease (e.g., cardiovascular disease, 
hypertension), adults unable to consent, individuals under 18 years of age, 
pregnant women, and prisoners. Inclusion criteria for this study were as follows: 
at least 18 years of age and exercising at least two days per week. Upon inclusion 
into this study, participants were assigned into athlete groups based upon age: 
18 to 25 years of age were considered collegiate athletes (recreational or varsity), 
26 years of age and older were considered masters athletes. Participants of any 
age, who were enrolled in the Reserve Officer Training Corps (ROTC) of Cadets 
program, were classified as an ROTC Cadet or Midshipman. For analyses 
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purposes; however, ROTC Cadets or Midshipman were included in the collegiate 
athlete category if they were 18 to 25 years of age, or in the masters athletes 
category if 26 years of age or older.  
3.3 Recruitment 
Participants were recruited through recruitment flyers (Appendix A) 
posted around Drexel University and word-of-mouth. Based on interest, 
participants contacted the researcher via the study email 
(fitness.study@drexel.edu) that was on the recruitment flyers. Each potential 
participant was asked to complete an online survey via Survey Monkey® or 
Drexel’s Qualtrics (Appendix B). After completion of the online survey, the 
researcher reviewed the survey to ensure the participant qualified for the present 
study. If qualified, the participant was contacted via email and/or phone to 
schedule the first appointment. If a participant did not qualify, the researcher 
would send an email to state that he/she did not qualify for the study. Reminder 
emails were sent the day before the first and second appointments, which were 
typically held one week apart. Both sessions were held at the Nutrition Sciences 
Metabolic Laboratory (1601 Cherry Street, Room 325A and Room 203). 
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3.4 Laboratory Measurements 
3.4.1 Informed Consent  
When the participant entered the Metabolic Laboratory, members of the 
research team introduced themselves and provided the participant with the 
informed consent document (Appendix C). After allowing the participant time to 
read the entire informed consent document, one of the researchers discussed the 
informed consent document with the participant. In this discussion, the 
researcher verbally highlighted the different tests involved, how they were 
conducted, and the information each test would provide. The researcher then 
answered any questions that the participant had about the study’s procedures. 
Only after reading the informed consent document and conversing with the 
researcher, did the participant choose to initial each page and sign the informed 
consent document. At this point, the participant could also choose not to sign the 
informed consent document. If he/she chose not to sign the informed consent 
document, one of the researchers would escort the individual out of the building. 
If the participant signed the informed consent document, the researcher 
witnessed the signature and then signed the informed consent document.  
3.4.2 Pregnancy Test (if Female)  
After the informed consent was complete with both signatures, female 
participants were escorted to the restroom and given a pregnancy test to self-
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administer, while the researcher waited outside the restroom. Once the test was 
completed, the participant showed the result to the researcher to confirm ability 
for participation. If results of the test were positive for pregnancy, the participant 
was excluded from the study, and escorted out of the building by one of the 
researchers from the research team.  
3.4.3 Relevant Questions and Anthropometrics 
All participants were asked to state what medications, if any, they were 
taking; any current medical diagnoses, if any; any specialized diets they were 
currently following, if any; how many hours of sleep they obtained the night 
prior; and how much water they consumed that morning. Female participants 
were also asked to state the first date of their last menstrual cycle. Prior to the 
first session, participants were instructed to abstain from alcohol and exercise for 
24 hours. They were also instructed to abstain from food and caffeine for 12 
hours. Participants were asked if they adhered to the aforementioned 
instructions after they consented to participate. 
After answering these questions, participants’ height and body weight 
were measured twice. Height was determined to the nearest 0.5 centimeters (cm) 
with a sliding vertical scale stadiometer (Seca, Chino, CA). Body weight was 
measured to the nearest 0.25 pounds with a calibrated balance beam scale (Seca, 
Chino, CA). Height and body weight were each measured twice. Waist 
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circumference was measured 1.0 inch above the umbilicus to the nearest 0.1 cm, 
three times using a soft measuring tape. Waist circumference was measured 
three times. Multiple measures were taken of each anthropometric variable to 
ensure accuracy. The individual and average measurements were recorded on a 
data collection sheet (Appendix D). The average value for each anthropometric 
variable was used for statistical analyses.  
3.4.4 Dual-Energy X-Ray Absorptiometry (DXA) 
Dual-energy X-ray absorptiometry was conducted to analyze body 
composition. The DXA instrument is located in the same building as the 
Metabolic Laboratory (1601 Cherry Street), in Room 203. The DXA analyzed 
body composition through the use of dual X-rays emitted through a scanning 
arm. After calibration of the DXA, the participant would lie within the 
measurement area of the table and the DXA scanner arm moved the length of the 
participant, but did not make any contact with the participant. The radiation rays 
emitted by the DXA are less than what is received in a cross-country plane flight; 
therefore, posed minimal risk to the participant. The DXA collected the following 
information on body composition: percent body fat, lean body mass, fat-free 
mass, and bone mineral density (including total body, lumbar spine [L1 to L4], 
and dual femoral neck). Percent body fat and lean body mass were the only 
measures from the DXA used for the purpose of the present study.  
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3.4.5 Aerobic Capacity  
After about one week, participants returned for analysis of aerobic 
capacity. This test took place in the same Metabolic Laboratory as the previous  
session (1601 Cherry Street, Room 325A). For this measurement, an Oxycon™ 
Mobile Device by CareFusion and a laptop operating Jaeger JLab™ software 
(Jaeger, Yorba Linda, CA) used non-invasive methods of indirect calorimetry to 
analyze oxygen consumed and carbon dioxide expired. These noninvasive 
methods include the use of a wearable mouthpiece connected to analytical 
software that allowed analysis of oxygen and carbon dioxide flow during 
exercise. The mouthpiece placed in the exercise mask had a turbine, sensor, and 
gas sample line, which gathered data on respiratory flow, temperature, and air 
composition to calculate respiratory volumes. 
Prior to the start of each measurement, the Oxycon™ Mobile Device was 
allowed to warm up for a minimum of 15 minutes and then calibrated for 
ambient conditions, volume, and gas composition. There was no specific protocol 
the participant had to follow prior to this second appointment. Participants were 
advised, via email, to perform daily activities that he or she would normally 
perform before being active in the hours leading up to the test. For this test, 
participants were fitted with a chest-positioned heart rate monitor (Polar, SetT61, 
Lake Success, NY) that was worn during the test to track heart rate. They were 
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also fitted with an exercise vest to which two boxes of the portable Oxycon™ 
Mobile Device equipment was strapped on the back and worn for the duration of 
the test.  
Once the vest was fitted, one of the researchers discussed the graded 
exercise test protocol (Table 1) and hand signals with each participant to use 
during the test. The researchers explained that they would ask the participant 
questions such as, “Are you ok?” and “Do you wish to continue?”, to which the 
participant would respond with thumbs up for “Yes” or thumbs down for “No”. 
The researches explained that these check-in questions would increase with 
frequency (i.e., every minute, every 30 seconds, every 20 seconds, and every 10 
seconds) as the test became more intense. At any point, the participant could 
request to end the test by waving his/her hands in a “no more”/ “cut it off” 
motion to signal if he/she wished to stop for whatever reason. If agreeable, the 
participant was then fitted with an exercise mask (Hans Rudolf Inc, 7450 series, 
Shawnee, KS), which included a mouthpiece that had a sensor connected to the 
Oxycon™ Mobile Device portable equipment on the back of the vest. A 
background zero test was performed to account for ambient noise in the 
atmospheric data. The participant was then ready to begin the graded exercise 
test.  
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The exercise test consisted of four phases: Rest, Reference, Test, and 
Recovery (Table 1). The design of this test is a modified version of the classic 
Taylor exercise test59,60. Once hand signals were established, the participant sat 
for two minutes during a baseline measurement phase (Rest) that allowed the  
instrument to acclimate to the participant. After the two-minute baseline phase, 
the warm-up began (Reference phase), during which participants between 18 
and 25 years of age ran at a speed of 7 miles per hour (mph) for two minutes, or 
participants 26 years of age or older ran at a speed of 5.5 mph for two minutes. 
The Test phase began at the two-minute mark of the warm-up. At this point, the 
speed of the treadmill remained at or increased to 7 mph, and the grade 
immediately increased to 1%, and continued to be increased by 1% grade every 
minute until the participant signaled exhaustion. If a 12% grade was attained (the 
highest grade allowable by the treadmill), then the speed of the treadmill was 
increased by 0.5 mph until the participant signaled exhaustion. The participant 
signaled exhaustion using hand signals that were discussed prior to beginning 
the test. After the test was completed, the speed and grade of the treadmill were 
reduced for two minutes of cool-down walking (Recovery phase). After the 
participant stepped off the treadmill, the exercise mask and vest were removed 
and sterilized appropriately.  
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The researchers were able to observe live data collection during the 
exercise test on the Jaeger JLab™ software. Although the test would be 
discontinued when athletes indicated exhaustion, graphical indicators of oxygen 
consumption and carbon dioxide exhalation are the best indicators to determine 
if someone has reached maximal oxygen consumption (VO2max). Two of the best 
graphic indicators that could be observed on the live data collection are as 
follows: 1) a decrease in oxygen consumption, with an increase in workload (e.g., 
increased grade of the treadmill), or 2) a decrease or flattening in oxygen 
consumption, with an increase in carbon dioxide expired. The participants were 
not made aware of having reached VO2max. The exercise test would continue 
until the point of volitional exhaustion, regardless of the participant having 
reached VO2max or not. This was because the researchers wanted to ensure that 
VO2max had been attained. 
To account for breath-by-breath outliers in volumes of oxygen consumed, 
VO2 data were analyzed in 30-second averages. The highest of these values was 
recorded as the individual’s VO2max.  
3.4.6 Food Frequency Questionnaire (FFQ) 
 After the exercise test, the participants were asked to complete a self-
administered 2005 Block Food Frequency Questionnaire (FFQ). The FFQ asked 
about yearly dietary habits regarding portion sizes and frequency of 
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consumption of specific foods. The food list incorporated into this form was 
developed using National Health and Nutrition Examination Survey (NHANES) 
dietary recall from 1999 to 200261. The participants were given a portion size 
guide to assist them in their selections. The FFQ utilizes a scan-tron format and  
took approximately 30 to 40 minutes to complete. Participants could ask 
questions while completing the FFQ.  
The completed form was returned to the researcher before the participant 
left the session. The FFQs were sent out for analyses by a third-party group, 
NutritionQuest (Berkeley, California; 2014). The returned results provided an 
individualized, detailed diet analysis that included estimates of daily total 
energy intakes, as well as daily macro- and micronutrient intakes. From these 
data, the antioxidants to be analyzed were obtained (vitamin A, β-carotene, 
vitamin C, vitamin E, iron, zinc, copper, and selenium). 
3.5 Data Management  
 All data were collected and documented on hand-written data collection 
sheets before electronic input. These forms were kept in a locked cabinet in the 
locked Metabolic Laboratory, Room 325A of 3 Parkway (1601 Cherry Street). 
Only members of the research team had access to the data.  
The data were then transferred from paper form to both a Microsoft Excel 
(MicrosoftⓇ, Redmond, WA, 2010) and SPSS version 23 (IBM Corp., Armonk, 
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NY, 2015) database on an encrypted computer in the Data Laboratory (1601 
Cherry Street, Room 345). Results of the third-party analyses were also entered 
into the MicrosoftⓇ Excel and SPSS databases. 
3.6 Statistical Analyses 
The data were analyzed using standard SPSS v.23 software, with the alpha 
set a prioi at 0.05. Descriptive statistics were performed to determine means, 
medians, ranges, and standard deviations of the athletes’ age, anthropometrics, 
body composition, aerobic capacity, and antioxidant intake. T-tests were 
performed to determine sex differences between any of the aforementioned 
characteristics. 
Bivariate Pearson Product Moment correlation analyses were performed 
to explore relationships between antioxidant intake and adiposity, antioxidant 
intake and aerobic capacity, and adiposity and aerobic capacity. Within the 
correlations, the eight antioxidants (vitamin A, β-carotene, vitamin C, vitamin E, 
iron, zinc, copper, and selenium) were analyzed individually.  
In addition to analyzing the reported antioxidant intakes individually, the 
antioxidant intakes were converted to percent of the RDA or median intake, then 
categorized as follows: a) being above or below the mean value for the sample, 
and b) being above or below 100% of the RDA or median intake . Individual T-
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tests were then performed to determine differences in VO2max between the 
above and below groups for each individual antioxidant.   
A multiple regression analysis was also performed to determine which of 
the following aspects had the most influence on aerobic capacity of the athletes:  
percent body fat, lean body mass, waist circumference, fat mass, body mass 
index (BMI; kg/m2), physical activity levels, and antioxidant intake. Antioxidants 
were analyzed individually.  
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Table 1. Phases of the Modified Taylor Graded Exercise Test Protocol for the 
Determination of Maximal Oxygen Consumption (VO2max) 
 
PHASE RUNNING PACE 
PERCENT 
INCLINE 
DURATION 
OF PHASE 
Rest Not apply Not apply 2 minutes 
Reference 
Ages 18 to 25 years:  
7 miles/hour 
Ages ≥ 26 years:  
5.5 miles/hour 
0% 2 minutes 
Test 
7 miles/hour 
(If maximum treadmill 
incline of 12% is attained, 
then increase by 0.5 
miles/hour every minute 
at 12% incline until 
exhaustion) 
 
Begin at 1% incline 
Increase by 1% 
incline every 
minute 
Range of times 
until volitional 
exhaustion 
Recovery 
Comfortable  
walking pace 
 
0% 2 minutes 
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INTRODUCTION 
Three fitness characteristics of athletes that are often measured are: 
aerobic capacity, body composition, and dietary intake. Within the realm of 
dietary intake, one category of particular importance for athletes to obtain in the 
diet is antioxidants, due to the progression of oxidative stress during exercise. It 
is well established that athletes need to meet the Recommended Dietary 
Allowances (RDAs) for all micronutrients, but especially those categorized as 
antioxidants, to ensure optimal performance1,2. If athletes consistently do not 
meet the RDAs, they may suffer detrimental side effects, including, but not 
limited to, inhibited performance during activity3.  
We evaluated the aerobic capacity, body composition, and antioxidant 
intake of athletes, 18 years of age and older, to establish relevant associations 
among antioxidant intake, body composition, and aerobic capacity. The specific 
aims and associated hypotheses of this study were as follows: 1) To determine 
the existence of sex differences in descriptive characteristics, energy intake, 
macronutrient intake, antioxidant intake, body composition, and aerobic capacity 
in athletes of various sports, 18 years of age and older. Descriptive characteristics 
include age, height, body weight, body mass index (BMI), waist circumference, 
and days of self-reported physical activity per week. Energy will be reported in 
average kilocalories (kcal) per day, and macronutrients will be reported in both 
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average grams and average percent of total kcal intake per day. Antioxidants 
reported will include vitamin A, beta (β)-carotene, vitamin C, vitamin E, iron, 
zinc, copper, and selenium. Body composition will be reported as percent body 
fat, lean body mass, fat-free mass, and fat mass. Aerobic capacity will be reported 
as maximal oxygen consumption (VO2max). It is hypothesized that males will 
have significantly higher values of height, body weight, BMI, energy intakes, 
lean body mass, fat-free mass, grams of macronutrient intakes, and aerobic 
capacity compared to females. In addition, it is hypothesized that females will 
have significantly higher values of waist circumference, percent body fat, fat 
mass, and antioxidant intakes; however, there will be no differences in age, days 
of self-reported physical activity per week, and macronutrients as percent of total 
kcal compared to males.  
2) To determine whether a correlation exists between antioxidant intake and 
adiposity in athletes of various sports, 18 years of age and older. Antioxidants 
reported will include vitamin A, beta (β)-carotene, vitamin C, vitamin E, iron, 
zinc, copper, and selenium. Adiposity will be reported as percent body fat. 
It is hypothesized that antioxidant consumption will be inversely related to 
adiposity in athletes.  
3) To determine whether a correlation exists between antioxidant intake and 
aerobic capacity in athletes of various sports, 18 years of age and older. 
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Antioxidants reported will include vitamin A, beta (β)-carotene, vitamin C, 
vitamin E, iron, zinc, copper, and selenium. Aerobic capacity will be reported as 
maximal oxygen consumption (VO2max). It is hypothesized that a positive 
relationship will exist between antioxidant intake and VO2max in athletes.  
4) To determine whether a correlation exists between adiposity and aerobic capacity in 
athletes of various sports, 18 years of age and older. Adiposity will be reported as 
percent body fat. Aerobic capacity will be reported as VO2max. It is hypothesized that 
an inverse relationship will exist between adiposity and maximal oxygen consumption 
in athletes.  
5) To analyze which of the following aspects has the most influence on aerobic capacity 
of athletes of various sports, 18 years of age and older: age, percent body fat, lean body 
mass, waist circumference, body mass index (BMI), days of self-reported physical 
activity per week, and antioxidant intake. Aerobic capacity will be reported as VO2max. 
Antioxidants will be analyzed individually. It is hypothesized that percent body fat will 
have the greatest influence on aerobic capacity in athletes.  
METHODS 
The data for this study were drawn from a larger study (“Drexel Fitness study”) 
that took place at Drexel University in Philadelphia, Pennsylvania. The protocol was 
approved by the Institutional Review Board at Drexel University. Written informed 
consent was obtained from all participants. 
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Data Collection 
Pre-Screen Survey  
Prior to inclusion, each potential participant completed an online survey 
to assess his/her inclusion for the study. Exclusion criteria for the Drexel Fitness 
study were as follows: smokers, sedentary individuals (defined as persons who 
exercised less than two days per week), individuals diagnosed with chronic 
disease (e.g., cardiovascular disease, hypertension), adults unable to consent, 
individuals under 18 years of age, pregnant women, and prisoners. Inclusion 
criteria for this study were as follows: at least 18 years of age and exercising at 
least two days per week.  
If qualified, the participant was contacted via email and/or phone to 
schedule the first testing session. Each participant came to the laboratory for two 
sessions, both of which were held at the Nutrition Sciences Metabolic Laboratory 
(1601 Cherry Street, Room 325A and Room 203). The first session included a 
pregnancy test (if female), anthropometric measurements, and body composition 
analysis. The second session included the treadmill test for aerobic capacity and 
assessment of dietary intake via Food Frequency Questionnaire.  
 Anthropometrics  
 Height was determined to the nearest 0.5 centimeters (cm) with a sliding 
vertical scale stadiometer (Seca, Chino, CA). Body weight was measured to the 
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nearest 0.25 pounds with a calibrated balance beam scale (Seca, Chino, CA). 
Height and body weight were each measured twice. Waist circumference was 
measured 1.0 inch above the umbilicus to the nearest 0.1 cm, three times using a 
soft measuring tape. The average value of the multiple anthropometric measures 
was used for statistical analyses.  
Body Composition 
Dual-energy X-ray absorptiometry scans were also conducted during the 
first session to analyze body composition. Female participants were asked to take 
a self-administered pregnancy test prior to DXA measurements. If the pregnancy 
test was positive, they were excluded from the study. The DXA analyzed body 
composition through the use of dual X-rays emitted through a scanning arm. 
After calibration of the DXA, the participant was asked to lie within a certain 
area of the table, and the DXA scanner arm moved the length of the participant, 
but did not make any contact with the participant. The radiation rays emitted by 
the DXA are less than what is received in a cross-country plane flight; therefore, 
posed minimal risk to the participant. The DXA measurement collected the 
following information on body composition: percent body fat, lean body mass, 
fat-free mass, and bone mineral density (including total body, lumbar spine [L1 
to L4], and dual femoral neck). Percent body fat and lean body mass were the 
only measures from the DXA used for the purpose of the present study.  
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Aerobic Capacity 
After about one week, participants returned for their second session, 
during which time they completed a treadmill test to determine aerobic capacity. 
For this test, an Oxycon™ Mobile Device by CareFusion and a laptop operating 
Jaeger JLab™ software (Jaeger, Yorba Linda, CA) used non-invasive methods of 
indirect calorimetry to analyze oxygen consumed and carbon dioxide expired. 
These noninvasive methods included the use of a wearable mouthpiece 
connected to analytical software that allowed analysis of oxygen and carbon 
dioxide flow during exercise. The mouthpiece placed in the exercise mask had a 
turbine, sensor, and gas sample line, which gathered data on respiratory flow, 
temperature, and air composition to calculate respiratory volumes. For this test, 
participants were fitted with a chest-positioned heart rate monitor (Polar, SetT61, 
Lake Success, NY) that was worn during the test to track heart rate. They were 
also fitted with an exercise vest to which two boxes of the portable Oxycon™ 
Mobile Device equipment was strapped on the back and worn for the duration of 
the test.  
Once the vest was fitted, one of the researchers discussed the graded 
exercise test protocol and hand-signals with each participant to use during the  
test. The researchers explained that they would ask the participant questions 
such as, “Are you ok?” and “Do you wish to continue?”, to which the participant 
			
67	
would respond with thumbs up for “Yes” or thumbs down for “No”. The 
researchers explained that these check-in questions would increase with 
frequency (i.e., every minute, every 30 seconds, every 20 seconds, and every 10 
seconds) as the test became more intense. At any point, the participant could 
request to end the test by waving his/her hands in a “no more”/ “cut it off” 
motion to signal if he/she wished to stop for whatever reason. If agreeable, the 
participant was then fitted with an exercise mask (Hans Rudolf Inc, 7450 series, 
Shawnee, KS), which included a mouthpiece that had a sensor connected to the 
Oxycon™ Mobile Device portable equipment on the back of the vest.  
The exercise test consisted of four phases: Rest, Reference, Test, and 
Recovery (Figure 1). The design of this test is a modified version of the classic 
Taylor exercise test4,5. Once hand signals were established, the participant sat for 
two minutes during a baseline measurement phase (Rest) that allowed the 
instrument to acclimate to the participant. After the two-minute baseline phase, 
the warm-up began (Reference phase), during which participants between 18 
and 25 years of age ran at a speed of 7 miles per hour (mph) for two minutes, or 
participants 26 years of age or older ran at a speed of 5.5 mph for two minutes. 
The Test phase began at the two-minute mark of the warm-up. At this point, the  
speed of the treadmill remained at or increased to 7 mph, and the grade 
immediately increased to 1%, and continued to be increased by 1% grade every 
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minute until the participant signaled exhaustion. If a 12% grade was attained (the 
highest grade allowable by the treadmill), then the speed of the treadmill was 
increased by 0.5 mph until the participant signaled exhaustion. The participant 
signaled exhaustion using hand signals that were discussed prior to beginning 
the test. After the test was completed, the speed and grade of the treadmill were 
reduced for two minutes of cool-down walking (Recovery phase). After the 
participant stepped off the treadmill, the exercise mask and vest were removed 
and sterilized appropriately.  
The researchers were able to observe live data collection during the 
exercise test on the Jaeger JLab™ software. Although the test would be 
discontinued when athletes indicated exhaustion, graphical indicators of oxygen 
consumption and carbon dioxide exhalation are the best indicators to determine 
if someone has reached maximal oxygen consumption (VO2max). Two of the best 
graphic indicators that could be observed on the live data collection were as 
follows: 1) a decrease in oxygen consumption, with an increase in workload (e.g., 
increased grade of the treadmill), or 2) a decrease or flattening in oxygen 
consumption, with an increase in carbon dioxide expired. The participants were 
not made aware of having reached VO2max. The exercise test would continue  
until the point of volitional exhaustion, regardless of the participant having 
reached VO2max or not. This was because the researchers wanted to ensure that 
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VO2max had been attained. To account for breath-by-breath outliers in volumes 
of oxygen consumed, VO2 data were analyzed in 30-second averages. The highest 
of these values was recorded as the individual’s VO2max.  
Dietary Intakes 
After the exercise test, the participants were asked to complete a self-
administered 2005 Block Food Frequency Questionnaire (FFQ). The FFQ asked 
about yearly dietary habits regarding portion sizes and frequency of 
consumption of specific foods. The food list incorporated into this form was 
developed using National Health and Nutrition Examination Survey (NHANES) 
dietary recall from 1999 to 20026. The participants were given a portion size 
guide to assist them in their selections. The FFQ utilizes a scan-tron format and 
took approximately 30 to 40 minutes to complete. Participants could ask 
questions while completing the FFQ. The FFQs were sent out for analyses by a 
third-party group, NutritionQuest (Berkeley, California; 2014). The returned 
results provided an individualized, detailed diet analyses that included estimates 
of daily total energy intakes, as well as daily macro- and micronutrient intakes. 
From these data, the antioxidants to be analyzed were obtained (vitamin A, beta 
(β)-carotene , vitamin C, vitamin E, iron, zinc, copper, and selenium). 
Statistical Analyses 
 
			
70	
The data were analyzed using standard SPSS v.23 software (IBM Corp., 
Armonk, NY, 2015), with the alpha set a prioi at 0.05. Descriptive statistics were 
performed to determine means and standard deviations of the athletes’ age, 
anthropometrics, body composition, aerobic capacity, and antioxidant intake. T-
tests were performed to determine sex differences between any of the 
aforementioned descriptive characteristics. 
Bivariate Pearson Product Moment correlation analyses were performed 
to explore relationships between antioxidant intake and adiposity, antioxidant 
intake and aerobic capacity, and adiposity and aerobic capacity. Within the 
correlations, the eight antioxidants (vitamin A, beta (β)-carotene, vitamin C, 
vitamin E, iron, zinc, copper, and selenium) were analyzed individually.  
Due to the large number of participants being above the RDA or median 
intake, it was decided to convert the reported antioxidant values to percent of the 
RDA or median intake; each participant was then grouped as follows for each 
antioxidant individually: a) being above or below the mean RDA percent value 
for the sample, and b) being above or below 100% of the RDA or median intake. 
Individual T-tests were then performed to determine differences in VO2max 
between those above or below the mean for the sample, and above or below 
100% of the RDA or median intake groups for each individual antioxidant.   
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A multiple regression analysis was also performed to determine which of the 
following aspects had the most influence on aerobic capacity of the athletes: age, 
percent body fat, lean body mass, waist circumference, BMI, physical activity levels, 
and antioxidant intake. Antioxidants were analyzed individually within the multiple 
regression.  
RESULTS 
After excluding all participants who did not have all three measures pertinent to 
this study [antioxidant intake, percent body fat measured by dual-energy X-ray 
absorptiometry (DXA), and aerobic capacity], a total of 32 participants were included in 
the analyses. The primary reason for excluding so many participants was due to 
missing DXA scans. Dual-energy X-ray absorptiometry was not yet approved for the 
Drexel Fitness Study until months into recruitment and initial testing sessions. The 
second most common reason for exclusion was due to missing treadmill test data due to 
a participant not completing the second session.  
Descriptive Statistics 
Descriptive characteristics and macronutrient intakes can all be found in 
Table 1. Males and females significantly differed in all physical measures except 
for age. Males had higher values of height (t(30) = 4.831, p < 0.001), weight (t(30) = 
5.295, p < 0.001), BMI (t(30) = 2.361, p = 0.025), waist circumference (t(30) = 4.509, 
p < 0.001), lean body mass (t(30) = 2.725, p = 0.011), fat-free mass (t(30) = 2.699, p = 
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0.011), and VO2max (t(30) = 2.144, p = 0.040) compared to females. Females had 
significantly more days of self-reported physical activity per week (t(30) = -3.173, 
p = 0.003) and percent body fat (t(30) = -2.702, p= 0.011) than males. Although 
males did report significantly higher daily energy intakes than females (t(30) = 
2.922, p = 0.007), there were no significant differences between males and females 
for individual macronutrients as percent of total kcal intake.  
Antioxidant intake values can all be found in Table 2. Intake values depict 
total intakes, which includes supplementation. Sixteen of the reported 
supplementing with vitamin A, iron, zinc, copper, and selenium. Slightly more 
than half of the participants reported supplementation values for vitamin C (n = 
19) and vitamin E (n = 17). Males reported significantly higher selenium intakes 
than females (t(30) = 2.228, p = 0.034); however, there were no significant 
differences for the remaining seven antioxidants. After the antioxidant intakes 
were converted to percent of the RDA or median intakes, males were had 
significantly higher iron (t(19.619) = 5.239, p < 0.001) and selenium (t(30) = 2.228, 
p = 0.034) intakes than females. Figure 2 depicts antioxidant intakes as percent of 
the RDA or median intakes.  
Relationships among Antioxidant Intake, Adiposity, and Aerobic Capacity 
All correlations among the eight antioxidants, percent body fat, and 
VO2max can be seen in Table 3. With respect to the primary outcomes of this 
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investigation, there were no significant relationships between any of the 
antioxidants and percent body fat or VO2max. However, there were significant 
negative relationships between percent body fat and VO2max for the total sample 
(r(30) = -0.665, p < 0.001), males (r(13) = -0.623, p = 0.013), and females (r(15) = -
0.590, p = 0.013). 
There were no significant differences in VO2max levels between the above 
or below the mean for the sample groups for any of the eight antioxidants. There 
were also no significant differences in VO2max between the above or below 100% 
of the RDA or median intake groups for any of the eight antioxidants.  
Effect of Multiple Factors on Aerobic Capacity 
A multiple regression analysis using the backward elimination option 
(criteria for p in = 0.05, p out = 0.10) was conducted to test which of the following 
variables had the most effect on VO2max: age, days of self-reported physical 
activity per week, BMI, waist circumference, percent body fat, lean body mass, or 
antioxidant intakes, which were analyzed as percentages of the RDA or median 
intakes. The results of the regression indicated percent body fat (B =  
-0.504, p < 0.001), vitamin C intake as percent of the RDA (B = -0.492, p = 0.063), 
and vitamin E intake as percent of the RDA (B = 2.055, p = 0.154) were the best 
combination of predictors of VO2max values. Together they explained 
approximately 51% of the variance (R2 = 0.514, F(3,28) = 0.9.853, p < 0.001).  
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After excluding vitamin C and vitamin E from the model due to not reaching 
conventional levels for statistical significance, percent body fat was the greatest 
singular predictor of VO2max (B = -0.493, p < 0.001; R2 = 0.442, F(1, 30) = 23.799, p 
< 0.001).  
DISCUSSION 
Sex Differences in Descriptive Characteristics 
We investigated the differences in descriptive characteristics between 
male and female athletes over 18 years of age. Men were found to have higher 
values of height, weight, BMI, waist circumference, lean body mass, fat-free 
mass, VO2max, and kilocalorie intakes. Females exhibited higher levels of percent 
body fat, which was also expected. Although males and females, on average, self-
reported approximately five or six days of physical activity per week, 
respectively, we did not assess the number of minutes spent in physical activity 
per day; therefore, we cannot determine whether or not these athletes are 
definitively meeting current physical activity recommendations of 150 minutes of 
moderate or 75 minutes of vigorous physical activity per week7. Unexpectedly, 
we reported that females exercised more days per week than their male 
counterparts, which is in opposition to other research that show males typically 
having higher levels of physical activity than females 8-10. This result could 
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indicate that, although males exercise more than females in a general population, 
the opposite could be true of an athletic population.  
Sex Differences in Antioxidant Intakes 
On average, both males and females appear to be greatly exceeding the 
Recommended Dietary Allowances (RDAs) for each of the eight antioxidants 
reported in this study. Furthermore, these athletes seem to be consuming more 
than three or four times the RDA for some of the antioxidants. Although results 
depict total intakes, which include supplementation, only about 50% of our 
participants were supplementing any one antioxidant. These antioxidant intake 
results are in contrast to other dietary assessment studies11,12, demonstrating that 
many athletes do not meet the RDA.  However, many of these studies do not 
address whether or not supplementation was included in their analyses. This 
could explain the discrepancy in our results versus previous research. 
The high prevalence of supplementation in our athletes could be a cause 
for concern. Supplementation being so commonplace among athletes could be an 
issue if these athletes are not aware of how excessive supplementation could be 
detrimental to their health. Long-term supplementation of specific antioxidants 
has been related to increased mortality13 and negative health effects, in general. 
In addition to possible health detriments, Peternelj and Coombes14 conducted a 
review of 23 antioxidant supplementation studies and concluded that vitamin 
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antioxidant supplementation may have detrimental effects on both general 
health and exercise-induced physiological adaptations. Athletes need to be made 
aware of such information so that they can make informed choices about 
whether or not they should be supplementing.  
In the present study, males had significantly higher intakes of selenium 
than females. This result is not surprising; Rayman15 stated that the typical intake 
of selenium in the United States is 93 mcg per day in females and 134 mcg per 
day in males. These values are similar to the sex-differences found in the present 
athlete population. We reported that women consumed about 99 mcg per day, 
while men consumed about 129 mcg per day of selenium. Selenium was the only 
antioxidant for which there was a significant difference between males and 
females. This outcome is surprising because previous researchers have shown 
that females, in the general population, tend to have stronger interests in 
nutrition and healthy eating16, therefore it could have been assumed that the 
females would consume more antioxidant-rich foods, such as fruits and 
vegetables. The absence of significant sex differences in the majority of reported 
antioxidant intakes could indicate that the males may have similar interests to 
nutrition and healthy eating as females within an athletic population.  
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Antioxidant Intakes Related to Percent Body Fat 
There were no significant relationships between any of the reported 
antioxidant intakes and percent body fat. Although researchers have previously 
shown a negative relationship between some antioxidant concentrations or 
intakes and BMI17-19, to our knowledge, this is the first study to compare dietary 
intakes with percent body fat measured by DXA in an athletic population. The 
absence of a relationship could indicate that dietary antioxidant intake has 
minimal effect on body composition. Further research comparing dietary 
antioxidant intake and percent body fat should be conducted to determine 
whether or not the absence of a relationship exists.  
Antioxidant Intakes Related to Aerobic Capacity 
There were no significant relationships between any of the antioxidants 
and VO2max. There were also no significant differences in VO2max levels after 
the participants were separated into groups that were above or below the mean 
for the total sample groups for any of the eight antioxidants, nor were there 
significant differences in VO2max between the above or below 100% of the RDA 
or median intake groups for any of the eight antioxidants. Considering how 
many of the athletes in this sample were supplementing with antioxidants, and 
how far above the RDA these athletes were for many of the reported antioxidant 
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intakes, these results are indicative that there is neither a beneficial or 
detrimental effect of excessive antioxidant consumption on aerobic fitness. These 
results align similarly with others who reported no improvement or decline in 
performance of athletes supplemented with certain antioxidants20-22. Our results 
could be used to discourage athletes from excessive antioxidant 
supplementation. 
Percent Body Fat Related to Aerobic Capacity 
There was a significant negative relationship found between percent body 
fat and VO2max in our athletic population, as a whole and when separated into 
males and females. This result is concurrent with previous literature and further 
confirms the scientific notion that an athlete’s aerobic performance is negatively 
associated with high levels of body fat 23-26.  
Effect of Multiple Factors on Aerobic Capacity 
Results of the multiple regression supported the hypothesis that percent 
body fat was the strongest indicator of VO2max, exhibiting a negative 
relationship; however, it was unanticipated that the next two strongest effectors 
would be reported vitamin C and vitamin E intakes as percentages of the RDA. 
Vitamin C and vitamin E are two of the more extensively-researched 
antioxidants in relation to exercise due to their powerful antioxidant 
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properties14,27. The results of our study support the notion that these two 
antioxidants surpass other antioxidants in their potential effects on aerobic 
capacity.  
Neither vitamins C nor vitamin E was significantly associated with 
VO2max when analyzed singularly, yet exhibited significant effects on VO2max 
when in combination with each other and percent body fat. Furthermore, that 
model of the multiple regression indicated that vitamin C intakes are associated 
negatively with VO2max, while vitamin E intakes are associated positively with 
VO2max. Although the athletes were not exceeding the 1000 mg Tolerable Upper 
Intake Level (UL) for vitamin C28, the reported intakes were well above the RDA; 
males and females combined consumed 358% of the RDA. This could indicate 
that, although intakes of three times the RDA are not near the UL, they may have 
detrimental effects on the aerobic capacity of certain athletes when considered 
with vitamin E intakes and percent body fat. Conversely, vitamin E intakes just 
above the RDA; males and females combined consumed an average of 108% of 
the RDA for vitamin E. The positive relationship between meeting the RDA for 
vitamin E and VO2max could indicate that athletes benefit from meeting, but not 
greatly exceeding, the RDA for vitamin E.  
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Strengths and Limitations 
There are multiple strengths to this study. One such strength was the use 
of DXA to measure body composition of the athletes. Dual-energy X-ray 
absorptiometry is one of the most accurate methods to measure body 
composition. In addition, it is a better indicator of health and fitness than 
surrogate measures like BMI29. Another strength was the assessment of dietary 
intake of antioxidants using a FFQ rather than a 24-hour dietary recall or a 3- or 
7-day diet record. The FFQ allows the interpretation of an individual’s diet based 
upon yearly averages. This method is beneficial, not only because it has been 
extensively tested and is well-validated, but because it eliminates the possibility 
of dietary recalls being conducted on non-average days or weeks of a 
participant’s schedule. The shorter dietary recall methods could ask a person to 
recall their dietary habits over a period of time in which they were consuming a 
non-normal diet compared to other times of the year (e.g., on vacation). The use 
of a FFQ eliminates this inaccuracy. In addition, administering the FFQ during 
the second session increased adherence to obtaining the dietary information. 
Dietary information could have been compromised if we had asked participants 
to complete dietary records between the two sessions.   
There are also multiple limitations to this study. One limitation was 
having a limited sample size due to the lack of participants completing both 
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testing sessions, which was necessary to obtain all three measures used in 
analyses. A second limitation was that this was a cross-sectional study; no 
definitive conclusions can be made with only a snapshot of the athlete’s dietary 
intakes, adiposity, and aerobic capacity. The study could be stronger if there 
were follow-up data on the athletes throughout multiple years. Although listed 
as a strength, a third limitation was the use of self-reported dietary intakes from 
the FFQs. These reports can be easily skewed based upon participant honesty. In 
addition, we only used FFQs and did not obtain blood samples of antioxidants. 
Therefore, we do not have a measure of physiological nutrient status, only self-
reported dietary intakes.  
Conclusion 
In conclusion, antioxidant intakes analyzed individually may not be 
related to measures of adiposity or aerobic capacity in an athletic population. 
However, vitamin C and vitamin E, in combination with percent body fat, may 
have considerable effects on VO2max. Further research should consider the 
antioxidants’ relationships with body composition in the investigation of the 
antioxidant-mediated exercise benefits.  
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TABLES 
TABLE 1: Descriptive Characteristics of All Participants 
Descriptive 
Characteristic 
Total Sample 
Mean ± SD 
(n = 32) 
Males 
Mean ± SD 
(n = 15) 
Females 
Mean ± SD 
(n = 17) 
Age (years) 35.69 ± 11.34 33.40 ± 12.86 37.71 ± 9.76 
Days of self-reported 
physical activity  
per week 
5.34 ± 1.04 4.80 ± 0.94 5.82 ± 0.88** 
Height (cm) 169.11 ± 9.62 175.78 ± 8.45** 163.23 ± 6.18 
Body Weight (cm) 70.92 ± 11.48 79.28 ± 8.34** 63.54 ± 8.43 
Body Mass Index 
(kg/m2) 
24.69 ± 2.31 25.63 ± 1.57** 23.82 ± 2.57 
Waist circumference 
(cm) 
78.07 ± 7.18 82.85 ± 5.97** 73.85 ± 5.32 
Percent body fat (%) 24.07 ± 7.08 20.79 ± 6.54 26.96 ± 6.38** 
Lean body mass (kg) 51.71 ± 10.56 59.82 ± 8.15** 44.55 ± 6.45 
Fat-free mass (kg) 54.54 ± 11.04 63.00 ± 8.51** 47.07 ± 6.83 
Maximal oxygen 
consumption (mL 
oxygen/kg body 
weight/minute) 
39.06 ± 5.25 41.06 ± 5.66** 37.29 ± 4.27 
Kilocalorie Intake 1996.02 ± 637.24 2310.33 ± 737.77** 1718.68 ± 369.02 
Carbohydrate intake 
(g/day) 
230.38 ± 74.31 259.49 ± 90.16** 204.69 ± 45.71 
Carbohydrate intake 
as percent of total 
kilocalories 
46.46 ± 6.97% 44.78 ± 6.46% 47.94 ± 7.26% 
Protein intake (g/day) 77.05 ± 26.12 89.26 ± 29.85** 66.27 ± 16.68 
Protein intake as 15.52 ± 2.44% 15.52 ± 2.36% 15.52 ± 2.59% 
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SD = standard deviation; cm = centimeters; kg = kilograms; m2 = meters squared; mL = 
milliliters; g = grams 
**p < 0.05; value significantly higher than opposite sex 
  
percent of total 
kilocalories 
Fat intake (g/day) 82.33 ± 28.81 96.37 ± 29.90** 69.94 ± 21.87 
Fat intake as percent 
of total kilocalories 
37.16 ± 5.68% 38.04 ± 5.25% 36.38 ± 6.09% 
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TABLE 2: Antioxidant Intakes for All Participants 
Antioxidant 
Total Sample 
Mean ± SD 
(n = 32) 
Males 
Mean ± SD 
(n = 15) 
Females 
Mean ± SD 
(n = 17) 
Vitamin A    
Dietary Intake (RAE) 1662.46 ± 791.14 1581.40 ± 645.96 1733.99 ± 914.32 
Percent of RDA 213.96 ± 111.65% 175.75 ± 71.11% 247.71 ± 130.62% 
Beta (β)carotene    
Dietary Intake (mcg) 7944.63 ± 5141.71 6485.64 ± 5636.78 9321.97 ± 4434.41 
Percent of median intake 477.15 ± 308.81% 389.53 ± 338.54% 554.47 ± 266.33% 
Vitamin C    
Dietary Intake (mg) 291.21 ± 246.38 294.29 ± 201.10 288.49 ± 286.72 
Percent of RDA 357.62 ± 314.38% 326.99 ± 223.45% 384.65 ± 382.29% 
Vitamin E    
Dietary Intake (mg) 16.1 ± 8.59 17.48 ± 10.17 15.06 ± 7.05 
Percent of RDA 107.99 ± 57.30% 116.56 ± 67.77% 100.42 ± 47.03% 
Iron    
Dietary Intake (mg) 23.28 ± 9.92 24.23 ± 9.60 22.44 ± 10.42 
Percent of RDA 208.22 ± 128.04% 
302.89 ± 
119.99%** 
124.69 ± 57.90% 
Zinc     
Dietary Intake (mg) 18.43 ± 8.73 20.81 ± 10.06 16.34 ± 7.00 
Percent of RDA 197.17 ± 88.25% 189.19 ± 91.46% 204.21 ± 87.50% 
Copper     
Dietary Intake (mcg) 2.46 ± 1.03 2.63 ± 1.10 2.31 ± 0.97 
Percent of RDA 273.14 ± 114.09% 291.83 ± 122.37% 256.64 ± 107.23% 
Selenium     
Dietary Intake (mcg) 113.17 ± 40.41 129.12 ± 43.42** 99.09 ± 32.63 
Percent of RDA 205.76 ± 73.47% 234.77 ± 78.95%** 180.16 ± 59.32% 
SD = standard deviation; RAE = retinol activity equivalents; RDA = Recommended 
Dietary Allowance; mcg = micrograms; mg = milligrams 
**p < 0.05; value significantly higher than opposite sex 
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TABLE 3: Correlations between Antioxidant Intakes, Adiposity, and Aerobic 
Capacity 
Factor 1 2 3 4 5 6 7 8 9 10 
1. Vitamin A          
Total 
Sample 
(n = 32) 
-- 
0.470*
* 
0.581 
** 
0.649 
** 
0.721 
** 
0.593 
** 
0.703 
** 
0.209 0.127 
-
0.170 
Males 
(n = 15) 
-- 0.156 
0.694 
** 
0.513 0.596* 0.545* 0.556* 0.196 -0.218 
-
0.071 
Females 
(n = 17) 
-- 
0.740 
** 
0.537* 
0.897 
** 
0.825 
** 
0.808 
** 
0.889 
** 
0.388 0.294 
-
0.218 
2. Beta (β)-
carotene          
Total 
Sample 
(n = 32) 
0.470
** 
-- 0.269 -0.09 -0.092 -0.272 -0.011 -0.244 -0.041 
-
0.034 
Males 
(n = 15) 
0.156 -- -0.073 -0.466 
-
0.531* 
-.535* -0.502 -0.227 -0.495 0.230 
Females 
(n = 17) 
0.740
** 
-- 0.582* 
0.608 
** 
0.400 0.290 0.476 -0.060 0.163 
-
0.160 
3. Vitamin C          
Total 
Sample 
(n = 32) 
0.581 
** 
0.137 -- 
0.528*
* 
0.481 
** 
0.466 
** 
0.542 
** 
0.039 -0.011 
-
0.161 
Males 
(n = 15) 
0.694 
** 
-0.073 -- 0.640* 
0.655 
** 
0.774 
** 
0.738 
** 
0.694 
** 
-0.012 0.01 
Females 
(n = 17) 
0.537* 0.582* -- 0.522* 0.391 0.279 0.440 -0.196 -0.003 
-
0.346 
4. Vitamin E          
Total 
Sample 
(n = 32) 
0.649 
** 
-0.09 
0.538 
** 
-- 
0.829 
** 
0.734 
** 
0.845 
** 
0.410 
** 
0.115 
-
0.001 
Males 
(n = 15) 
0.513 -0.466 0.640* -- 
0.754 
** 
0.813 
** 
0.776 
** 
0.39 0.167 
-
0.045 
Females 
(n = 17) 
0.897 
** 
0.608 
** 
0.522* -- 
0.744 
** 
0.855 
** 
0.950 
** 
0.387 0.25 
-
0.077 
5. Iron          
Total 
Sample 
(n = 32) 
0.721 
** 
-0.092 
0.481 
** 
0.734 
** 
-- 
0.846 
** 
0.879 
** 
0.596 
** 
0.193 
-
0.146 
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Males 
(n = 15) 
0.596* 
-
0.531* 
0.655 
** 
0.754 
** 
-- 
0.918 
** 
0.964 
** 
0.589* 0.137 
-
0.119 
Females 
(n = 17) 
0.825 
** 
0.400 0.391 
0.744 
** 
-- 
0.827 
** 
0.810 
** 
0.651 
** 
0.365 
-
0.278 
6. Zinc           
Total 
Sample 
(n = 32) 
0.593 
** 
-0.272 
0.466 
** 
0.829 
** 
0.846 
** 
-- 
0.957 
** 
0.591 
** 
0.168 
-
0.057 
Males 
(n = 15) 
0.545* 
-
0.535* 
0.774 
** 
0.813 
** 
0.918 
** 
-- 
0.971 
** 
0.493 0.28 
-
0.168 
Females 
(n = 17) 
0.808 
** 
0.29 0.279 
0.855 
** 
0.827 
** 
-- 
0.961 
** 
0.651 
** 
0.398 
-
0.169 
7. Copper           
Total 
Sample 
(n = 32) 
0.703 
** 
-0.110 
0.542 
** 
0.845 
** 
0.879 
** 
0.957 
** 
-- 
0.519 
** 
0.178 
-
0.103 
Males 
(n = 15) 
0.556* -0.502 
0.738 
** 
0.776 
** 
0.964 
** 
0.971 
** 
-- 0.516* 0.191 
-
0.159 
Females 
(n = 17) 
0.889 
** 
0.476 0.440 
0.950 
** 
0.810 
** 
0.961 
** 
-- 0.489* 0.369 
-
0.195 
8. Selenium          
Total 
Sample 
(n = 32) 
0.228 -0.244 0.039 0.410* 
0.596 
** 
0.591 
** 
0.519 
** 
-- -0.122 0.275 
Males 
(n = 15) 
0.196 -0.227 0.327 0.39 0.589* 0.493 0.516* -- -0.05 0.28 
Females 
(n = 17) 
0.388 -0.06 -0.196 0.387 
0.651 
** 
0.651 
** 
0.489* -- 0.178 
-
0.026 
9. Percent body fat 
(%) 
        
Total 
Sample 
(n = 32) 
0.127 -0.041 -0.011 0.115 0.193 0.168 0.178 -0.122 -- 
-
0.665
** 
Males 
(n = 15) 
-0.218 -0.495 -0.012 0.167 0.137 0.28 0.191 -0.05 -- 
-
0.623
* 
Females 
(n = 17) 
0.294 0.163 -0.003 0.25 0.365 0.398 0.369 0.178 -- 
-
0.590
* 
10. VO2max (mL O2/kg/min)        
Total 
Sample 
-0.17 -0.034 -0.161 -0.001 -0.146 -0.057 -0.103 0.275 -
0.665*
-- 
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(n = 32) * 
Males 
(n = 15) 
-0.071 0.23 0.01 -0.045 -0.119 -0.168 -0.159 0.28 
-
0.623* 
-- 
Females 
(n = 17) 
-0.218 -0.16 -0.346 -0.077 -0.278 -0.169 -0.195 -0.026 
-
0.590* 
-- 
*p < 0.05; indicates significant correlation 
**p < 0.01; indicates significant correlation 
mcg = micrograms; mg = milligrams; VO2max (mL O2/kg/min) = maximal oxygen 
consumption (milliliters of oxygen per kilogram of body weight per minute) 
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FIGURES 
 
 
FIGURE 1: VO2max test protocol utilized in the study.  
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Comfortable walking speed 0% grade 2 minutes
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7 
mph
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Rest
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FIGURE 2: Antioxidant intakes as percent of the Recommended 
Dietary Intake (RDA) or median intake for eight antioxidants 
studied. 
Averages are grouped by Total Sample (n = 32), Males (n = 15), and Females (n = 
17). Standard deviations are represented by the error bars. 
 
 
 
 
 
 
 
 
 
 
0%
100%
200%
300%
400%
500%
600%
700%
800%
900%
Vitamin	A β-carotene Vitamin	C Vitamin	E Iron Zinc Copper SeleniumTotal	Sample Males Females
			
90	
 
 
Figure 3: Average maximal oxygen consumption (VO2max) values 
for participants when grouped by being above or below 100% of 
the Recommended Dietary Allowance (RDA) for antioxidant 
intakes. 
 
Sample sizes for each group above or below the RDA are as follows: Vitamin A 
(n = 29 above; n = 3 below), β-carotene (n = 29 above; n = 3 below), Vitamin C (n = 
30 above; n = 2 below), Vitamin E (n = 15 above; n = 17 below), Iron (n = 24 above; 
n = 8 below), Zinc (n = 27 above; n = 5 below), Copper (n = 30 above; n = 2 below), 
Selenium (n = 30 above; n = 2 below). 
Standard deviations are represented by the error bars. 
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Figure 4: Average maximal oxygen consumption (VO2max) values 
for participants when grouped by being above or below the mean 
percent of the RDA for the total sample for antioxidant intakes. 
 
Sample sizes for each group above or below the mean are as follows: Vitamin A 
(n = 12 above; n = 20 below), β-carotene (n = 13 above; n = 19 below), Vitamin C (n 
= 10 above; n = 22 below), Vitamin E (n = 14 above; n = 18 below), Iron (n = 12 
above; n = 20 below), Zinc (n = 14 above; n = 18 below), Copper (n = 16 above; n = 
16 below), Selenium (n = 18 above; n = 13 below). 
Standard deviations are represented by the error bars. 
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APPENDIX B ~ Pre-Screening Survey Questions 
Q1 Please enter your first and last name. 
 
Q2 What is your sex? 
m Male  
m Female  
m Prefer not to answer  
 
Q3 If female, are you currently or possibly pregnant? 
m Yes  
m No  
m Prefer not to answer  
m Not female  
 
Q4 Do you smoke? 
m Yes  
m No  
 
Q5 What is your age? 
 
Q6 What is the primary program or team to which you belong? 
m Varsity Team  
m Club Team  
m ROTC Program  
m Recreational/General Exercise  
m Other (please specify)  ____________________ 
 
Q7 What team are you a part of, or what is your primary form of exercise? (e.g., baseball, 
cycling, triathlete, CrossFit, etc...) 
 
			
104	
Q8 On average, how many days per week do you exercise or does your team/program 
practice? 
m 0 days  
m 1 day  
m 2 days  
m 3 days  
m 4 days  
m 5 days  
m 6 days  
m 7 days  
 
Q9 Describe the intensity of your cardiovascular workouts. 
m Easy  
m Moderate  
m Moderate-Intense  
m High-Intensity  
m Other (please specify)  ____________________ 
 
Q10 Describe the intensity of your strength training workouts. 
m Easy  
m Moderate  
m Moderate-Intense  
m High-Intensity  
m Other (please specify)  ____________________ 
 
Q11 If you are a part of a team, do you exercise in addition to team/program workouts? 
If yes, please describe. If you participate in more than one team or program, please 
describe those other activities here. 
m Yes (please describe)  ____________________ 
m No  
m More than one (please describe)  ____________________ 
 
Q12 Have you been diagnosed, or are you aware of any pre-existing cardiac or other 
medical conditions that would affect your ability to participate in this study? (i.e., 
hypertension, cardiovascular disease, pregnancy, etc.) If yes, please describe. 
m Yes (please list) ____________________ 
m No  
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APPENXID C ~ Informed Consent Document 
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APPENDIX D ~ Data Collection Sheet 
A Comparison of Fitness Characteristics in Collegiate 
Athletes, Reserve Officers' Training Corps (ROTC) Cadets 
and Midshipmen, and Masters Athletes 
*For research personnel use only ~ does not leave the Lab 
Date:      
Participant ID:                
Food Frequency Questionnaire (FFQ) ID:        
 
Number of days of exercise per week (from pre-screen): __________ 
ROTC only ~ consent to Army Physical Fitness Test release:     
Informed consent signed and witnessed (yes/no):       
 
Date of Birth (month/date/year):       
Age:     years 
 
Females only ~ start date of last menstrual cycle:       
 Pregnancy test given by:           
Pregnant (circle one):     YES    NO  
 
Current medications:           
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Existing Conditions:             
 
Currently on specific diet (medical or non-medical) (yes/no): 
If yes, briefly explain:          
 
Participant adherence to RMR pre-test protocol (abstained from alcohol 
and exercise for 24 hours; abstained from food and caffeine for 12 hours) 
(circle one):     YES    NO 
 
Participated in any Nutrition Sciences Dept. (involving DXA) in last 6 
months (circle one):     YES    NO 
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SESSION ONE     Date:     
Clothing participant wore on test day:        
Participant’s self-defined water consumption on test day:  
       (Be sure to write units; e.g., cups, 
Liters) 
 
Anthropometrics 
Height (centimeters [cm]):        and       
Average of heights measured:      cm  
Average of heights measured:     inches (in) 
(Note: 2.54 cm per inch) 
 
Weight on scale (pounds [lbs]):       and        
Average of weights measured:      lbs 
Average of weights measured:      kilograms (kg)  
(Note: 2.2 pounds per kg) 
 
Waist Circumference (cm):      and     and  
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Average of waist circumferences measured:      cm 
 
Researcher(s) who collected anthropometric data:  
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Date:      
Bioelectrical Impendence Analysis (BIA) 
Weight measured from BIA:       lbs 
Weight converted from lbs to kg:             kg 
 
Percent body fat from BIA:      % 
 
Calculated lean body mass (LBM) from BIA: ____________________ 
lbs 
[Note: (%Body Fat / 100) x wt in lbs = fat lbs ; Total wt lbs – fat lbs = LBM lbs] 
Lean body mass converted from lbs to kg: ____________________kg 
 
RMR measured from BIA:      kilocalories (kcal)/day 
 
Intracellular water (ICW) content from BIA:      kg 
Extracellular water (ECW) content from BIA:     kg 
Total body water from BIA:       kg 
 
Researcher(s) who conducted BIA:  
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Date:      
Resting Metabolic Rate (RMR) 
Participant’s self-defined hours of sleep before RMR test:  
       hours 
Steady-state (SS) timetable  
(mark time when participant first goes into SS, then any subsequent 
times in/out of SS): 
IN OUT 
First:  
  
  
  
  
  
 
RMR measured from Vmax metabolic cart  
(15-minute steady state average):        kcal/day 
 
Researcher(s) who measured RMR:  
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Date:      
Dual-Energy X-Ray Absorptiometry (DXA) 
Percent body fat from DXA:      % 
 
Lean Body Mass:      lbs 
Lean Body Mass converted to kg:      kg 
 
Fat Free Mass:      lbs 
Fat Free Mass converted to kg:      kg 
 
Total Body Bone Mineral Density (BMD):    grams/cm2 
(g/cm2) 
Lumbar (L2 to L4) BMD:     g/cm2   
Dual Femoral Neck BMD:      g/cm2 
 
Researcher(s) who performed DXA:  
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Date:      
Accelerometry (using 1 minute Epochs; using first 7 days worn only) 
Accelerometer number:        
Accelerometer placement:         
(Right or Left Wrist [need to use non-dominant hand], Waist or 
Ankle; but provide justification if waist band or ankle band is used) 
_____________________________________________________________ 
All data from accelerometer will be placed in Excel Sheet; however, 
basic accelerometry data from participant after he/she wore 
accelerometer for one week: 
Average total kcal/day expended: ___________________ kcal/day 
Average total minutes and kcal/day in sedentary behavior: 
________________________ minutes ____________________ kcal/day 
Average total minutes and kcal/day in light physical activity: 
________________________ minutes ____________________ kcal/day 
Average total minutes and kcal/day in moderate physical activity: 
________________________ minutes ____________________ kcal/day 
Average total minutes and kcal/day in vigorous physical activity: 
________________________ minutes ____________________ kcal/day 
Activity record collected:     YES    NO  
Researcher(s) who gave accelerometer to participant: 
           
			
121	
SESSION TWO    Date:     
Clothing participant wore on test day:        
Participant’s self-defined water consumption on test day:  
      (Be sure to write units; e.g., cups, Liters) 
Accelerometer turned in (yes/no):      
Researcher(s) who collected accelerometer:  
            
Weight measured on BIA:      lbs 
Weight converted from lbs to kg:                  kg 
Maximal Oxygen Consumption (VO2max) 
VO2max measured from Oxycon Mobile (estimate from 30-second 
average data):   
      milliliters of oxygen/kg of body 
weight/minute (mL/kg/min) 
Time reached VO2max:        minutes 
Researcher(s) who measured VO2max:        
Food Frequency Questionnaire (FFQ) 
Administered (yes/no):      
Researcher(s) who administered FFQ:  
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IF PARTICIPANT DROPPED FROM OR WAS ASKED 
TO LEAVE THE STUDY: 
 
Date of removal:       
 
Reason for removal:          
            
            
             
 
Researcher who completed removal of participant from the study: 
Print Name:           
Signature:            
 
Date:           
 
  
